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Preface 


The  purpose  of  this  study  was  to  develop  an  analytical  framework  for  assessing  future 
force  structure  requirements  imder  uncertainty.  With  the  end  of  the  Cold  War,  the  U.S. 
has  entered  into  a  new  era  of  defense  planning  marked  by  declining  defense  budgets  and 
uncertainty  about  the  future.  The  anal5dical  models  used  during  the  Cold  War  to  address 
fiiture  force  structure  questions  now  seem  inadequate  for  dealing  with  the  uncertainty 
inherent  in  today’s  questions.  The  framework  developed  during  this  research  provides  one 
approach  to  answering  these  questions. 

While  the  framework  presented  in  this  thesis  has  not  yet  stood  the  test  of  time,  it  has 
already  provided  some  useful  force- structuring  insights,  particularly  about  the  need  to 
maintain  a  healthy  defense-industrial  base.  The  framework  was  designed  with  flexibility  in 
mind  With  this  flexibUity,  there  is  plenty  of  room  for  additional  experimentation  with  the 
framework  as  it  now  stands  and  for  future  improvement. 
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Jackson,  for  their  help  during  this  eflfort.  I  am  particularly  grateful  for  their  patience 
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Abstract 


The  objective  of  this  research  was  to  develop  an  analytical  framework  to  assess  future 
force  structure  requirements  imder  the  major  uncertainties  mherent  in  the  post-Cold  War 
era.  Among  the  uncertainties  are  the  frequency  and  nature  of  future  threats  to  U.S. 
interests  and  the  cost  of  maintaining,  building,  and  demobilizing  forces.  The  centerpiece 
of  the  methodology  is  a  computer  model  which  simulates  the  development  of  threats  to 
U.S.  interests  and  the  actions  the  U.S.  takes  to  protect  those  interests.  From  this 
simulation,  the  costs  and  risks  associated  with  different  pohcy  alternatives  can  be 
estimated.  The  simulation  is  set  within  a  broader  decision-analysis  framework  which 
provides  the  philosophy  for  determining  the  inputs  to  the  simulation  and  for  analyzing  the 
output  from  the  simulation.  The  research  included  an  analysis  of  24  pohcy  alternatives 
involving  the  size  of  the  Base  Force,  the  “safety  margin”  maintained  between  the  force 
size  and  the  force  requirement,  the  rate  of  force  buildup,  and  the  rate  offeree 
demobilization.  The  results  suggest  that  the  buildup  rate  is  a  key  factor  m  lowering  the 
costs  of  the  U.S.  mihtary  while  controlling  the  risk  of  being  unable  to  protect  U.S. 


interests. 


AN  ANALYTICAL  FRAMEWORK  FOR  ASSESSING  FUTURE 
FORCE  STRUCTURE  REQUIREMENTS  UNDER  UNCERTAINTY 


1.  Introduction 


Background. 

With  the  end  of  the  Cold  War,  the  defense  strategy  of  the  United  States  has  changed 
from  a  focus  on  the  Soviet  Union  to  a  focus  on  regional  conflict  aroimd  the  globe.  The 
U.S.  no  longer  faces  a  well-defined  enemy  as  it  did  during  the  Cold  War,  but  threats  to 
U.S.  interests  still  remain.  According  to  The  National  Security  Strategy  of  the  United 
States:  January  1993. 

While  we  no  longer  face  the  single  defining  threat  which  dominated  our  policy, 
budgets,  force  structures,  and  indeed  our  fears  for  forty  years,  multiple  threats  to  our 
security  still  remain.  Today’s  challenges  are  more  conq)lex,  ambiguous  and  diSuse 
than  ever  before.  They  are  pohtical,  economic,  and  mihtary;  unilateral  and  multilateral; 
short-  and  long-term.  (White  House,  1993:1) 

The  document  fiuther  states  that. 

Even  as  the  danger  of  global  war  recedes,  the  potential  for  smaller  but  still  highly 
destructive  conflicts  between  nations  and  within  nations  is  growing.  We  simply  do  not 
and  cannot  know  all  the  challenges  that  will  arise  in  the  future.  What  we  do  know  is 
that  our  citizens  and  om  interests  will  be  challenged  again.  We  must  remain  strong 
enough  to  protect  and  defend  them  (White  House,  1993:  ii) 

The  enemy  the  U.S.  will  face  in  the  future  is  of  unknown  size  and  capabUity  in  an 

unknown  location  and  at  an  unknown  time.  Yet,  questions  about  the  structure  of  the 

mihtary  forces  with  which  the  U.  S.  will  meet  this  enemy  must  be  answered  today.  During 

the  Cold  War,  a  myriad  of  analytical  models  were  developed  to  help  mold  the  size. 
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composition,  and  employment  strategies  of  U.S.  military  forces.  Unfortunately,  despite 
their  success  during  the  Cold  War,  these  models  now  seem  inadequate  for  the 
uncertainties  inherent  in  today’s  difficult  force  structuring  decisions.  What  is  needed  is  a 
fresh  approach  to  address  the  problem  of  structuring  mihtary  forces  for  the  future,  because 
there  is  one  thing  that  is  clear,  “...if  we  are  to  learn  anything  from  the  often  tragic  history 
of  this  century,  it  is  first  that  the  future  is  uncertain, ...”  (White  House,  1993:  i). 

Problem  Statement. 

U.S.  mihtary  planners  do  not  have  an  adequate  analytical  framework  for  assessing 
fiiture  force  structure  requirements  imder  the  major  imcertainties  inherent  in  today’s  world 
environment. 

Research  Objective. 

The  objective  of  this  research  is  to  develop  an  analytical  framework  to  assess  future 
force  structure  requirements  xmder  the  major  uncertainties  of  today’s  world  environment. 

Research  Questions. 

The  prevailing  paradigm  for  structuring  mihtary  forces  today  is  to  maintain  a  “Base 
Force”  capable  of  meeting  the  vast  majority  of  fiiture  threats  and  then  to  reconstitute  force 
structure  when  deemed  necessary  for  larger  threats.  In  view  of  this  paradigm, 

•  What  size  should  the  “Base  Force”  be  to  adequately  protect  U.S.  interests  while 
controlling  costs? 

•  As  threats  develop  and  force  requirements  change,  what  force-size  “safety  margin” 
should  be  maintained  to  minimize  the  risk  of  being  unprepared? 

•  If  force  reconstitution  is  necessary,  how  quickly  should  forces  be  built  up? 
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As  threats  are  reduced,  how  quickly  should  forces  be  returned  to  their  “Base 
Force”  size  (i.e.,  demobilized)? 


Scope. 

•  The  analytical  framework  will  not  attenq)t  to  define  the  conq)osition  of  fiiture  forces 
(e.g.,  the  types  and  numbers  of  fighter  aircraft). 

•  The  framework  will  address  conventional  forces  only.  It  is  assumed  that  a  sufficient 
strategic  nuclear  force  is  maintained  to  deter  nuclear  aggression  by  other  nations. 

Summary. 

The  determination  of  future  force  structure  requirements  is  perhaps  more  difficult  now 
than  ever.  The  end  of  the  Cold  War  has  marked  the  end  of  a  single,  well-defined  threat  to 
national  interests  and  inaugurated  a  period  of  great  uncertainty  about  how  the  U.S.  should 
prepare  for  future  threats.  Analytical  models  used  during  the  Cold  War  to  address  future 
force  structure  questions  seem  inadequate  for  the  ambiguity  mherent  in  today’s  questions. 
The  framework  developed  during  this  research  provides  one  approach  to  answering  these 
questions. 
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n.  Literature  Review 


The  literature  review  which  follows  provides  background  material  unportant  for 
understanding  the  methodology  presented  in  Chapter  3.  The  hterature  review  is  divided 
into  two  sections:  Problem-Solving  Approaches  and  Future  Force  Structure  Paradigms. 

Problem-Solvin2  Approaches. 

This  section  presents  an  overview  of  two  approaches  commonly  used  to  “solve” 
problems  under  uncertainty,  Decision  Analysis  and  Simulation.  The  overview  includes  the 
concepts  and  techniques  underlying  each  approach,  as  well  as  the  strengths  and  limitations 
of  each  approach. 

Decision  Analysis.  Decision-making  is  the  process  of  choosing  from  among 
alternative  courses  of  action.  As  the  number  of  alternatives  grows  and  as  the 
consequences  become  more  inqiortant  and/or  more  uncertain,  the  decision  becomes 
increasingly  difficult.  Decision  Analysis  helps  structure  these  decision  problems  so  that 
the  decision  maker  can  think  more  systematically  about  the  problem,  taking  better  account 
of  all  the  alternatives  and  uncertainties. 

The  basic  decision  analysis  has  four  steps. 

1.  The  decision  maker  identifies  the  possible  courses  of  action. 

2.  The  decision  maker  identifies  the  uncertain  events,  or  “states  of  nature,”  relevant 
to  the  decision  problem  and  assigns  a  probabihty- of- occurrence  to  each  event.  The 
consequence  of  any  course  of  action  is  dependent  not  only  on  the  course  of  action  but 
also  on  the  event  which  actually  occurs. 

3.  The  decision  maker  determines  the  consequence  of  each  action/event  pairing. 


2-1 


4.  The  decision  problem  is  modeled  (in  an  influence  diagram  or  decision  tree,  for 
exan^le)  and  solved.  The  problem  solution  depends  on  the  e?q)ected  consequence  of 
each  course  of  action  and  on  the  decision  maker’s  risk  preferences. 

Stren2ths.  The  strengths  of  Decision  Analysis  include  the  following; 

•  The  decision  maker  plays  an  active  role  in  the  decision  analysis  process.  Indeed, 
the  decision  maker  is  central  to  the  process.  It  is  the  decision  maker’s  behefs  and 
values  upon  which  the  analysis  is  built. 

•  Decision  Analysis  addresses  the  mcertainties  inq)inging  on  the  problem  in  a  very 
systematic  way 

Weaknesses.  Decision  Analysis  cannot  adequately  address  large  problems  where 
there  are  complex  interactions  between  events  over  time. 

Simulation.  As  explained  by  Ravindran, 

Simulation  is  a  numerical  technique  for  conducting  experiments  on  a  digital  computer, 
which  involves  logical  and  mathematical  relationships  that  interact  to  describe  the 
behavior  and  structure  of  a  complex  real-world  system  over  extended  periods  of  time. 
(Ravindran,  1987;  375) 

Simulation  is  often  an  effective  approach  to  studying  a  system  which  cannot  be 
represented  mathematically  because  of  the  stochastic  nature  of  the  problem,  the 
conq)lexity  of  problem  formulation,  or  the  interactions  needed  to  adequately  describe  the 
problem  under  study. 

Strengths.  Naylor  suggests  that  simulation  analysis  has  the  following  strengths; 

1.  Through  simulation,  one  can  study  the  effects  of  certain  information, 
organizational,  and  environmental  changes  on  the  operations  of  a  system  by  making 
alterations  in  the  model  of  the  system  and  by  observing  the  effects  of  these  alterations 
on  the  system’s  behavior. 

2.  Simulation  of  conq)lex  systems  can  yield  valuable  insight  into  which  variables  are 
more  important  than  the  others  in  the  system  and  how  these  variables  interact. 
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3.  Simulation  can  be  used  to  experiment  with  new  situations  about  which  we  have 
little  or  no  information,  so  as  to  prepare  for  what  may  happen. 

4.  Simulation  can  serve  as  a  “preservice  test”  to  try  out  new  pohcies  and  decision 
rules  for  operating  a  system,  before  running  the  risk  of  experimenting  on  the  real 
system 

5.  For  certain  type  of  stochastic  problems  the  sequence  of  events  may  be  of  particular 
impoTtaTice.  Information  about  expected  values  and  moments  may  not  be  sufficient  to 
describe  the  process.  (Naylor,  1971) 

Weaknesses. 

•  Simulation  cannot  provide  an  optnnal  solution. 

•  The  variabihty  or  dispersion  of  simulation  results  can  be  a  significant  problem  and 
may  require  long  and  conq)lex  simulation  analysis  to  draw  meaningful  conclusions 
(Ravindran,  1987:  377). 


Defense  Plannm2  Paradiems. 

The  discussion  that  follows  provides  a  brief  synopsis  of  the  evolution  of  force  planning 
models  over  the  last  few  years.  The  discussion  is  presented  as  background  to  the 
justification  of  the  model  developed  in  Chapter  3. 

The  Cold-War  ParaHigm.  The  approach  the  U.S.  took  to  force-planning  during  the 

Cold  War  was  based  on  five  principles: 

•  Overall  force  structure  was  based  and  justified  in  terms  of  the  most  stressing 
identifiable  threat  scenarios. 

•  The  analytic  “requirements”  for  total  force  structure  were  derived  for  important, 
credible,  defensively  oriented,  high-minded,  and  affordable  mihtary  objectives- 
notably,  deterring  aggression  against  our  aUies  and  other  pivotal  nations. 

•  Since  the  nuclear  deterrent  was  the  paramount  instrument  for  avoiding  general  war 
with  the  Soviet  Union,  certain  cost-cutting  risks  were  accepted  in  defining  the 
“requirements”  for  conventional  ground  and  air  forces. 
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•  Having  sized  overall  structure  largely  in  terms  of  the  most  stressing  threat,  the 
original  idea  was  then  to  “fill  in”  by  acquiring  specialized  capabUities  that  might  be 
needed  for  other  scenarios,  and  to  establish  a  strategic  reserve  suitable  for  varied 
contingencies  worldwide  along  with  adequate  strategic  mobihty  forces. 

•  Given  a  defense  program  consistent  with  the  overall  force  structure  justified  in  this 
way,  the  Secretary  of  Defense  then  charges  the  mihtary  services,  the  Joint  Chiefs 
of  Staffs  and  the  various  ClNCs  with  preparing  operationally  not  only  for  the 
principal  threat  scenarios  but  also  for  a  wide  range  of  smaller  contingencies. 

(Davis;  1994:  17) 

The  Aspin  Paradmm.  In  January  1992,  Les  Aspin,  then  Chairman  of  the  House 
Armed  Services  Committee,  opened  up  the  debate  on  post-Cold  War  force  structuring 
when  he  proposed  a  threat-based  model  for  force  planning.  Aspin’s  model  was  a  modified 
version  of  the  Cold  War  paradigm,  where  he  replaced  the  old  Cold  War  threats  with  new 
ones.  Aspin  uses  “Iraq  equivalents”  to  specify  possible  threats  and  ‘Desert  Storm 
equivalents”  to  specify  U.S.  force  requirements  (Winnefeld,  1992:  1).  Aspin’s  model 
gives  httle  emphasis  to  the  uncertainty  of  the  future,  using  the  recent  past  as  an  indication 
of  things  to  come. 

The  Cheney  Paradiem.  Shortly  after  Chairman  Aspin  proposed  his  threat-based 
model  for  force  planning,  Dick  Cheney,  then  Secretary  of  Defense,  presented  a 
capabihties-based  model  based  on  the  fact  that  we  cannot  predict  the  future  with  certainty. 
He  argued  that  “the  future  environment  is  defined  more  by  the  unknown  and  the  uncertain 
than  by  specific  threats  (Winnefeld,  1992:  1).”  Cheney’s  model  suggests  a  force  structure 
capable  of  confronting  as-yet  unclear  threats,  and  seeks  to  maintain  a  force  prepared  to 
confront  any  threat. 

Current  Strate2ic  Policy.  Out  of  the  debate  over  post-Cold  War  force  structuring 
has  come  the  concept  of  maintaining  a  Base  Force  capable  of  meeting  most  threats  to  U.  S. 
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interests,  while  guarding  the  capabihty  to  add  force  when  necessary.  Additionally,  the 
U.S.  had  adopted  the  following  strategic  policy,  as  presented  in  The  National  Security 
Strategy  of  the  United  States.  January  1993.  (White  House,  1993:  14) 

The  fundamental  elements  for  om  national  defense  strategy  are: 

•  Strategic  Deterrence  and  Defense.  Deterring  nuclear  attack  remains  our  top 
priority... 

•  Forward  Presence.  While  reducing  our  forward- deployed  forces,  we  are 
redefining  our  presence  abroad  with  combined  exercises,  new  access  and  storage 
agreements,  security  and  humanitarian  assistance,  port  visits,  mihtary-to-mihtary 
contacts,  and  periodic  and  rotational  deployments. 

•  Crisis  Response.  We  must  maintain  an  adequate  capabihty  to  project  power  in 
response  to  crises  should  our  eflforts  to  deter  conflict  fail.  The  precise  nature  of 
our  response  to  a  crisis  will,  of  course,  depend  on  the  interests  at  stake,  our 
commitments  to  the  nations  involved,  the  level  and  sophistication  of  the  threat,  and 
on  the  capabihties  of  U.S.  and  alhed  forces. 

•  Reconstitution.  As  we  reduce  the  size  of  our  mihtary  forces  in  response  to  the 
demise  of  the  global  threat,  we  must  ensure  that  we  continue  to  deter  potential 
adversaries  fi’om  militarizing  and  ,  if  deterrence  fails,  retain  the  capabihty  to 
recreate  a  global  warfighting  capabihty.  This  “reconstitution”  capabihty  involves 
forming,  training,  and  fielding  new  fighting  units  firom  cadres;  mobilizing 
previously  trained  or  new  manpower;  and  activating  the  industrial  base  on  a  large 
scale. 
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TTT.  Methodology 


The  previous  chapter  gave  a  brief  description  of  Decision  Analysis  and  Simulation. 

The  methodology  described  in  this  chapter  incorporates  principles  of  both  approaches, 
allowing  strengths  of  both  approaches  to  be  exploited. 

The  centerpiece  of  the  methodology  is  a  model  which  sunulates  the  development  of 
threats  to  U.S.  interests  and  the  actions  the  U.S.  takes  to  protect  those  interests.  The 
consequences  of  the  actions,  in  the  form  of  costs  and  risks,  are  dependent  on  the  actions 
themselves  and  on  the  “state  of  the  world”  at  the  tune  of  action. 

The  simulation  model  is  set  within  a  broader  decision- analysis  framework.  While  the 
simulation  model  is  the  ‘Workhorse”  of  the  methodology,  the  decision-analysis  framework 
provides  the  “philosophical”  basis  for  the  methodology.  The  relationship  between  the 
decision-analysis  framework  and  the  simulation  model  will  become  clear  in  the  sections 
which  follow. 


Definitions. 

Before  the  methodology  is  presented  in  detail,  it  will  be  helpful  to  understand  the 
following  terms: 

•  National  Interest:  National  Secuntv  Strategy  of  the  United  States  delineates  current 
U.S.  national  interests  (White  House,  1993:3).  Die  U.S.  protects  its  national  interests 
through  pohtical,  economic,  and  military  means.  In  this  analysis,  we  limit  our  attention 
to  interests  the  U.S.  chooses  to  protect  through  mihtary  action. 

•  Value  of  National  Interest:  Every  U.S.  interest  has  some  intrinsic  value.  In  the 
methodology  presented  here,  the  value  of  a  national  interest  is  rated  on  a  utility  scale, 
where  “0”  represents  an  interest  with  no  value  and  “10”  represents  an  interest  with  the 
highest  value. 
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•  Threat:  A  threat  consists  of  any  danger  to  or  risk  of  losing  a  national  interest. 

Threats  may  come  from  individuals,  nations,  coalitions,  natural  disasters,  famine,  etc. 
Again,  the  model  only  considers  those  threats  against  which  mihtary  forces  are 
employed. 

•  Threat  Level;  This  is  the  actual  amount  of  U.S.  military  force  required  to  oppose  the 
threat  and  protect  the  interest. 

•  Military  Action:  “MUitary  action”  is  used  to  refer  to  the  action  taken  to  protect  the 
interest  threatened.  The  action  may  be  warfare,  deterrence,  peacekeeping, 
environment- shaping,  hiunanitarian  relief^  etc.  The  model  differentiates  between 
warfare  and  non-combat  actions  (deterrence,  peacekeeping,  humanitarian  rehe:^  etc.) 
but  does  not  attempt  to  differentiate  between  types  of  non-combat  actions.  The 
primary  difference  between  warfare  and  non-combat  actions  is  that  force  attrition 
occurs  during  warfare. 

•  Total  Force  Requirement;  This  is  the  level  of  mihtary  force  that  the  U.  S.  determines 
it  needs  at  any  given  time.  Since  there  may  be  more  than  one  threat  at  any  time,  the 
Total  Force  Requirement  is  a  function  of  the  level  of  each  threat.  Additionally,  the 
total  force  requirement  may  have  a  “safety  margin”  built  into  it,  m^lying  that  the  total 
force  requirement  will  exceed  the  level  of  force  actually  required  for  mihtary  action. 

•  Buildup  Level:  This  is  a  percentage  used  in  the  calculation  ofthe  Total  Force 
Requirement.  It  is  used  primarily  to  provide  a  force  “safety  margin.” 

•  Total  Force  Level:  This  defines  the  actual  amount  of  U.S.  mihtary  force  at  any  given 
time. 

•  Base  Force:  This  is  the  initial  U.  S.  force  level  and  the  minimum  force  level  used  in  the 
model. 

•  Early  Warning  Indicators  (EWI):  EWI  are  any  signs  the  U.S.  receives  which 
suggest  that  an  interest  wiU  be  threatened. 

•  EWI  Time;  Thisisthe  time  at  which  the  U.S.  has  gathered  enough  EWI  to  decide  to 
oppose  the  threat  by  committing  mihtary  forces.  In  practice,  the  U.S.  may  have 
become  aware  of  the  threat  at  an  earher  date  and  may  already  be  using  non-mhitaiy 
means  to  mitigate  the  threat.  As  used  in  this  model,  however,  “EWI  Time”  specificaUy 
identifies  the  time  when  the  U.  S.  decides  that  mihtary  forces  are  required,  estunates 
the  threat  level,  and  begins  action  to  reconstitute  mihtary  forces  if  necessary. 
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•  Time  from  EWI  to  Start:  This  is  the  period  of  time  the  U.  S.  has  to  prepare  for  an 
intending  commitment  of  military  forces.  The  key  to  preparation  is  the  reconstitution 
or  buildup  of  military  force  if  the  current  total  force  level  is  less  than  the  estimated 
force  requirement. 

•  Start  Time  of  Military  Action;  This  is  the  time  that  mihtary  forces  are  actually 
committed  to  oppose  the  threat  and  the  mihtary  action  commences.  If  the  event  is 
warfare,  attrition  of  forces  begins. 

•  Duration  of  Military  Action;  This  is  the  length  of  time  required  to  protect  the 
interest  (i.e.,  prevail  against  the  threat)  if  the  U.S.  is  able  to  commit  enough  forces  to 
equal  the  threat  level. 

•  Major  Regional  Conflict;  The  Major  Regional  Conflict  (MRC)  is  the  primary  force 
building-block  used  in  the  methodology.  If  Desert  Storm  is  used  as  the  measure  of  the 
force  required  for  an  MRC,  then  an  MRC-sized  force  consists  of  4-5  Army  divisions, 
4-5  Marine  Expeditionary  Brigades  (MEBs),  10  Air  Force  tactical  fighter  wings 
(TFWs),  100  Air  Force  heavy  bombers,  4-5  Navy  carrier  battle  groups  (CVBGs),  and 
special  operations  forces  (SOF)  (Davis,  1994:  32). 

•  Lesser  Regional  Conflict;  The  Lesser  Regional  Conflict  (LRC)  involves  two  Army 
fight  divisions,  one  MEB,  1-2  CVBGs,  1-2  TFWs,  and  SOF. 

•  World  War:  In  the  methodology  presented,  a  World  War  (WW)  is  equal,  in  size,  to 
4-6  MRCs. 

•  Cold  War;  For  the  methodology  presented,  a  Cold  War  (CW)  is  equal,  in  size,  to  2-3 
MRCs.  However,  only  a  portion  of  forces  are  actually  committed  to  mihtary  action 
(deterrence). 

•  Policy  Alternative:  If  there  is  more  than  a  single  decision  to  be  made  in  an  analysis, 
then  a  policy  alternative  is  comprised  of  one  possible  decision  choice  from  each 
decision. 

•  Lose  Threshold:  If  the  amoxmt  of  force  committed  to  a  threat  drops  below  the  ‘Lose 
Threshold,”  the  U.S.  will  lose  the  interest  at  stake. 
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The  Decision-Analysis  Framework. 


The  decision- analysis  iframework  is  bviilt  upon  three  fimdamentals  of  decision  analysis. 
First,  the  decision  maker  (DM)  must  choose  from  a  number  of  different  pohcy  alternatives. 
In  the  fiiture  force  structure  problem,  the  decision  maker  must  make  decisions  about  the 
size  of  the  military’ .s  base  force,  the  level  to  which  forces  are  built  up  in  response  to 
increased  force  requirements,  the  rate  at  \)vfrich  forces  are  built  up,  and  the  rate  at  which 
forces  are  demobilized  when  the  force  requirements  are  reduced. 

Second,  the  consequence  of  any  pohcy  choice  is  dependent  on  the  choice  made  and 
the  outcome  of  uncertain  events  or  “states  of  nature.”  The  uncertainties  relevant  to  the 
future  force  structure  problem  include: 

•  Frequency  of  threats. 

•  Size  and  nature  of  threats. 

•  Value  of  interests  at  stake. 

•  Accuracy  of  inteUigence  estimates. 

•  Time  from  EWI  to  mihtary  action. 

•  Types  of  mihtary  action. 

•  Duration  of  mihtary  actions. 

•  Force  attrition  rates. 

•  Cost  to  maintain  force  levels. 

•  Cost  to  reconstitute  force. 

•  Cost  to  demobilize  force. 
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•  Size  of  force  required  to  “hold  off’  a  threat  until  sufficient  forces  are  available  to 
win. 

Third,  the  decision  maker  makes  judgements  about  the  uncertain  events  and  values 
impacting  the  choice  of  alternatives  which  must  be  considered  in  the  analysis.  In  the 
fiiture  force  structure  problem  the  decision  maker  must  be  able  to  make  tradeoffs  between 
the  costs  of  military  forces,  the  value  of  interests  lost  when  forces  are  unavailable,  and  the 
risks  of  having  msufficient  forces. 

Where  Decision  Analysis  falls  short,  vis-a-vis  the  foture  force  structure  problem,  is  in 
problem  solution.  The  problem  is  so  large  and  the  interactions  between  events  over  time 
so  complex  that  an  appeal  to  mfluence  diagrams  and  decision  trees  for  problem  solution  is 
impractical.  For  this  reason,  computer  simulation  is  used  to  model  the  problem  and 
estimate  the  costs  and  risks  associated  with  each  alternative,  and  Decision- Analysis  is  used 
to  synthesize  these  results  iuto  a  form  xmderstandable  to  the  decision  maker. 

Figure  3- 1  depicts  the  Decision  Analysis  framework  for  the  force  structure  problem. 
Notice  that  the  left-hand  side  of  the  framework  (the  decisions)  and  the  right-hand  side  of 
the  framework  (the  consequences)  are  sunilar  to  the  respective  sides  of  an  mfluence 
diagram.  The  uncertainties  are  modeled  in  the  simulation. 
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Figure  3-1.  Decision  Analysis  Framework 


The  Simulation  -  In  General. 

The  simulation  models  the  occurrence  of  threats  to  U.S.  interests  and  the  actions  the 
U.S.  takes  in  response.  The  flowchart  in  Figure  3-2  gives  a  representation  of  how  this 
interaction  might  take  place  in  the  “real  world.”  The  simulation  is  designed  to  incorporate 
aspects  of  the  force  structure  paradigms  presented  in  Chapter  2.  For  example,  it  appears 
that  the  U.S.  is  becoming  more  involved  in  “environment- shaping.”  “Environment¬ 
shaping”  might  include  peacekeeping  efforts  or  humanitarian  rehef  to  provide  stability  in  a 
trouble  region  or  to  encourage  goodwill  towards  the  U.  S.  Since  the  action,  at  least  at  the 
outset,  is  a  non-combat  use  of  the  military,  the  simulation  allows  the  user  to  generate 
“peacefiil  threats”  where  an  interest  is  stiU  at  stake  (stabihty  or  goodwill),  but  protection 
of  the  interest  does  not  require  warfare. 
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Figure  3-2.  Flowchart  of  “Real-World”  Problem 
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The  Simulation  -  In  Detail. 


The  simulation  code  is  written  in  the  SLAM  II  programming  language  and  is  broken 
into  two  parts.  The  first  part  is  the  network  code  which  controls  the  flow  and  logic  of  the 
simulation.  The  second  part  contains  the  control  statements  which,  among  other  things, 
determine  the  value  of  input  variables  and  specify  the  number  of  runs  to  make.  For  a 
complete  description  of  the  SLAM  n  language,  refer  to  Pritsker  (Pritsker,  1986). 

The  following  discussion  explains  how  the  simulation  network  code  is  constructed  to 
imitate  the  model  of  the  real  world  previously  described.  It  also  specifies  when  the  user 
may  use  the  control  statements  to  define  input  parameters.  In  this  way,  the  user  may  tailor 
the  model  according  to  his  or  her  judgements  about  the  real  world. 

Threat  Generation.  Because  the  number  and  timing  of  real-world  threats  is 
imknown,  the  simulation  randomly  generates  threats  according  to  probabilistic 
distributions  whose  parameters  are  defined  by  the  user.  To  approximate  the  variabUity  in 
the  nature  and  fi:equency  of  real-world  threats,  the  simulation  is  designed  to  create  five 
different  types  of  threat.  These  threat  types  represent  MRCs/LRCs,  WW,  and  CW,  as 
summarized  in  Table  3- 1  below.  Along  with  their  numeric  and  symbohc  designators,  the 
table  hsts  the  primary  differentiating  characteristic  of  each  threat  type. 
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Table  3-1 


Threat  Types 


Threat  Type 
Numeric  Designator 

Threat  Type 
Symbohc  Designator 

Primary  Characteristics 

1,  2,3 

MRC 

Major  or  Lesser  Regional  Conflicts 

Small  to  medium  threat  levels. 

Interests  of  low  to  medium  value. 

Mihtary  action  may  involve  warfare, 
deterrence,  or  environment- shaping. 

4 

WW 

World  War 

Largest  threat  level. 

Interest  of  highest  value. 

Military  action  involves  warfare. 

5 

CW 

Cold  War 

Large  threat  level. 

Interest  of  highest  value. 

Mihtary  action  involves  deterrence. 

*The  actual  force  committed  to  mihtary 
action  is  only  a  fraction  of  the  threat  level. 

*  The  assumption  is  that,  during  Cold  War,  the  U.S.  ■will  bxiild  up  its  mihtary  forces  to  a 
relatively  high  level.  However,  only  a  portion  of  those  forces  are  placed  in  an  active 
deterrent  posture  (e.g.,  forward-deployed  to  guard  borders).  The  remainder  of  the  forces 
may  be  used  to  protect  against  MRC-type  threats. 


MRC  threats  are  generated  with  exponentially  distributed  interarrival  times.  Because 
their  interarrival  times  are  exponentially  distributed,  the  number  of  MRC  threats  generated 
in  any  given  period  of  time  is  a  Poisson  random  variable  (Ross,  1993:  214).  The  Poisson 
distribution  is  frequently  used  to  model  the  nmnber  of  events  to  occur  in  a  period  of  time 
(Mendenhall,  1990:  1 17)  and  so  appears  to  be  a  reasonable  distribution  to  model  the 
munber  of  threats  to  develop  over  the  planning  horizon  of  the  simulation. 
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The  exponential  distribution  is  defined  by  one  parameter:  the  mean  time  between 
arrivals.  For  MRC  threats,  the  mean  time  between  arrivals  is  expressed  in  years  and 
defined  by  the  user  through  the  SLAM  n  control  statements. 

WW  and  CW  threats  are  considered  to  be  rare.  The  model  is  designed  to  generate  at 
most  one  WW  threat  and  one  CW  threat  during  the  simulation.  The  time  at  which  a  WW 
or  CW  threat  is  generated  is  determined  by  two  user-defined  parameters:  the  earUest  time 
at  which  the  threat  can  be  generated  (min)  and  the  probabUity  (p)  that  the  threat  is 
generated  within  the  planning  horizon  of  the  simulation.  The  generation  time  is  then 
uniformly  distributed  with  lower  limit  “min”  and  upper  limit  “max”  defined  by  the 
following  equation: 

horizon  -  min 

max  =  mm+ - 

P  (1) 

where  “horizon”  is  the  planning  horizon  of  the  simulation.  The  formulation  of  this 
equation  is  best  understood  by  referring  to  Figure  3-3. 


0  “min”  “horizon”  “max” 

Figure  3-3.  Formulating  The  Distribution  of  WW  and  CW  Generation. 

The  probability  that  a  WW  or  CW  threat  is  generated  between  the  earhest  time  possible 
and  the  end  of  the  simulation  is  given  by 
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horizon  -  min 


max-  min  (2) 

Solving  for  “max”  yields  the  above  equation.  Note  that  the  threat  is  a  factor  in  the 
simulation  only  if  the  number  drawn  from  the  distribution  is  less  than  the  planning  horizon 
of  the  simulation. 

Occasionally,  the  state  of  the  simulation  “world”  affects  the  generation  of  threats.  The 
states  of  the  “world”  which  impact  the  generation  of  threats  (and  the  impact  they  have)  are 
enumerated  in  Table  3-2  below. 


Table  3-2 


States  of  the  “World”  Which  Inq)act  Threat  Generation 


State  of  the  “World” 

Impact  on  Threat  Generation 

Rationale 

EWI  of  WW  received 
or  WW  in  progress. 

No  MRC  threats  generated. 

No  CW  threats  generated. 

Any  MRC  would  become  part 
ofWW. 

CW  and  WW  are  mutually 
exclusive. 

WW  ends. 

CW  may  develop  from  WW. 

World  War  n  experience.  The 
probabihty  of  occmxence  is 
user- defined 

CW  in  progress. 

MRC  generation  rates  changed. 

To  reflect  DM  judgement  about 
stabilizing  effect  of  Cold  War. 
The  change  is  user-defined. 

CW  ends. 

MRC  generation  rates  returned 
to  initial  values. 

Any  stabilizing  effect  of  Cold 

War  ended. 

Assignment  of  Attributes.  Once  a  threat  had  been  generated,  it  is  given  attributes 
which  define  important  characteristics  about  the  threat  and  which  control  the  flow  of  the 
threat  through  the  simulation.  Table  3-3  enumerates  these  threat  attributes.  An 
e?q)lanation  of  how  attributes  are  assigned  follows  the  table. 
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Table  3-3 


Threat  Attributes 


Attribute 

Threat(s)  Receiving  Attribute 

Threat  Level 

All 

Estimate  of  Threat  Level 

AU 

Value  of  Interest 

Ah 

Attrition  Rate 

MRC,WW 

Time  fi'om  EWI  to  Start  of  Mihtary  Aetion 

AU 

Projected  Duration  of  Action 

AU 

Deterrent  Force  Requirement 

CW 

Projected  Deterrent  Force  Requirement 

CW 

•  Threat  Level:  The  Threat  Level  is  assigned  according  to  a  uniform  distribution 
with  parameters  “min”  and  ‘^x.”  The  units  of  measure  for  Threat  Level  are 
MRC-equivalents.  The  user  may  define  different  parameters  for  all  five  threat 
types. 

•  Estimate  of  Threat  Level;  The  Estimate  of  Threat  Level  is  a  function  of  the  Threat 
Level  and  the  accuracy  of  intelligence  estimates.  If^  for  example,  intelligence 
estimates  range  fi'om  10%  below  the  Threat  Level  to  15%  above  the  Threat  Level, 
then  the  Estimate  of  Threat  Level  is  xmiformly  distributed  with  parameters  0.9*TL 
and  1.15*TL,  where  TL  =  Threat  Level.  The  accuracy  ofintelhgence  estimates  is 
user-defined  and  the  user  may  specify  a  different  accuracy  for  each  threat  type. 

•  Value  of  Interest:  The  Value  of  Interest  at  stake  for  WW  and  CW  threats  is  given 
as  10.  For  MRC  threats,  the  Value  of  Interest  is  assigned  according  to  a  discrete 
distribution  defined  by  the  user  in  the  control  statements.  The  user  first  chooses 
three  values  between  0  and  10.  These  three  values  are  the  possible  Values  of 
Interest  for  MRC  threats.  Then  the  user  defines  the  probabihty  that  threat  type  1 
has  a  Value  of  Interest  equal  to  each  of  the  three  chosen  values.  The  user  does  the 
same  for  threat  types  2  and  3. 

•  Attrition  Rate;  The  user  may  define  a  distinct  Attrition  Rate  for  MRC  and  WW 
threat  types.  If  the  threat  is  probabilistically  determined  to  require  non-combat 
action,  the  Attrition  Rate  is  zero. 

•  Time  fi:om  EWI  to  Start  of  Mihtary  Action:  The  Time  fi'om  EWI  to  Start  of 
Military  Action  is  sampled  fi-om  a  triangular  distribution  with  user-defined 
parameters  “min,”  mode,”  and  “max.”  Pritsker  points  out  that  “the  triangular 
distribution  is  used  when  a  most  likely  value  can  be  ascertained  along  with 
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minimiiTn  and  maximum  values...  (Piitsker,  1986:  697)”  The  distribution  appeared 
reasonable  for  assigning  this  tune  conq)onent. 

•  Projected  Duration  of  Action:  The  Projected  Duration  of  Action  is  also  san^led 
from  a  triangular  distribution  with  user-defined  parameters.  This  attribute  defines 
the  length  of  time  required  to  successfiilly  complete  the  Mihtary  Action  if  the  force 
assigned  to  the  action  is  equal  to  the  Threat  Level.  This  value  will  be  different 
from  the  actual  duration  if  the  level  of  forces  assigned  to  the  action  drops  below 
the  Threat  Level. 

•  Deterrent  Force  Requirement:  The  Deterrent  Force  Requirement  is  given  to  CW 
threats  and  defines  the  amount  of  force  to  actually  assign  to  mihtary  action.  The 
requirement  is  simply  a  user-defined  percentage  of  the  Threat  Level. 

•  Projected  Deterrent  Force  Requirement:  The  Projected  Deterrent  Force 
Requirement  is  similar  to  the  Deterrent  Force  Requirement  but  is  based  on  the 
Estimate  of  Threat  Level  rather  than  the  Threat  Level.  This  projected  requirement 
is  used  in  determining  force  requirements  before  the  CW  actually  begins. 

Determination  of  Force  Requirements.  Based  on  intehigence  estimates  of  the 
number  of  forces  required  to  protect  its  iuterests  against  a  new  threat,  the  U.S.  adjusts  its 
force  requirement.  The  force  requirement  is  dependent  on  all  threats  for  which  the  U.S.  is 
either  preparing  or  against  which  the  U.S.  is  actively  engaged.  The  following  table  shows 
which  formulas  are  used  to  determine  the  force  requirement.  The  formulas  are  presented 
after  the  table. 


Table  3-4 


Force  Requirement  Determination 


Threat  Generated 

1 

rhreats  Already  Present 

WW 

CW 

MRC 

Formula  1 

Not  Possible 

Formula  3 

WW 

Formula  2 

Not  Possible 

Formula  2 

CW 

Formula  3 

Not  Possible 

Not  Possible 
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The  force  requirement  formulas  use  the  following  notation: 


BL  = 


BuildupLevel(%) 

100 


TL(threat  type)  -  Threat  Level  of  the  named  threat  type 
DF  =  Amount  of  Deterrent  Force  Required  Dxiring  Cold  War 
•  Formula  1: 


BL*^TL(MRC)  (3) 

•  Example:  U.S.  forces  are  already  committed  to  a  1-MRC  threat.  The  Buildup 
Level  is  150%.  EWI  of  a  1-MRC  threat  are  received.  The  resultant  force 
requirement  is  3  MRC-equivalents.  This  provides  a  “safety  margin”  of  50%,  or 
1-MRC-equivalent. 

•  Formula  2: 


BL  *  max{TL(WW),X  TL(MRC)}  ^4^ 

•  Example:  A  CW  is  in  progress  and  the  U.S.  is  preparing  for  a  1-MRC  threat. 
The  Buildup  Level  is  100%.  EWI  of  a  5-MRC-equivalent  WW  threat  are 
received.  The  CW  will  be  “replaced”  by  the  WW  and  the  1-MRC  threat  will  be 
absorbed  into  the  WW.  The  resultant  force  requirement  is  5  MRC-equivalents. 

•  Formula  3: 


BL  *  max{TL(CW),2^TL(MRC)  +  DF} 


(5) 


•  Example  1:  U.S.  forces  are  already  committed  to  a  1-MRC  threat.  The 
Buildup  Level  is  100%.  EWI  of  a  3-MRC-equivalent  CW  are  received,  but 
only  33%  (or  DF  =  1-MRC-equivalent)  will  be  required  for  mihtary  action. 
The  resultant  force  requirement  is  max{3,  1  +  1}  =  3  MRC-equivalents. 

•  Example  2:  If  a  2-MRC  threat  is  added  to  Example  1,  the  resultant  force 
requirement  is  max{3,  3  +  1}  =  4  MRC-equivalents. 

Note:  When  using  the  formulas,  the  actual  Threat  Level  is  used  for  threats  against  which 
military  action  has  already  begun,  while  the  Estimate  of  Threat  Level  is  used  for  threats 
for  which  EWI  have  just  been  received. 
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Time  Between  EWI  and  Military  Action.  This  is  the  time  between  the  EWI  of  a 
threat  and  the  beginning  of  military  action.  If  the  current  force  level  is  below  the  force 
requirement,  force  buildup  begins.  If  force  buildup  is  necessary,  this  “preparation  time 
may  or  may  not  be  suf&cient  to  raise  the  Total  Force  level  up  to  the  Force  Requirement. 

Military  Action.  At  the  end  of  the  preparation  time,  the  military  action  begins.  The 
actual  threat  level  becomes  known  and  the  force  requirement  is  recalculated  as  described 
above.  If  the  Force  Requirement  exceeds  Total  Force,  then  force  buildup  begins  or 
continues.  Table  3-5  lists  the  additional  events  which  take  place  at  this  time. 


Table  3-5 


Rules  for  Beginning  Military  Action 


Threat  Entering  Action 

Event 

MRC 

Available  forces  are  assigned  to  action. 

Attrition  begins  if  action  is  warfare. 

WW 

Any  previous  MRCs  end.  If  the  sum  of  those  MRCs  is  greater 
than  the  size  of  the  WW,  then  the  size  of  the  WW  is  adjusted 
to  equal  the  sum  of  the  MRCs. 

Available  forces  are  assigned  to  action. 

Attrition  begins. 

CW 

Available  forces  are  assigned  to  deterrence.  If  forces  insuf&cient 
and  there  are  any  MRCs  in  action,  the  CW  “preertq)ts”  forces 
from  the  MRCs. 

Involvement  in  the  interest  continues  until  the  U.S.  attains  its  objective  or  has  too  few 
forces  to  continue  its  pmsuit.  If  force  assigned  drops  below  the  Threat  Level,  the  duration 
of  the  operation  wiU  be  lengthened,  unless  the  forces  drop  below  the  Lose  Threshold,  in 
which  case  the  U.S.  withdraws  and  loses  the  interest  at  stake. 
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End  of  Event.  At  this  point  the  military  action  ends  (successfully  or  unsuccessfully) 


and  force  requirements  are  recalculated  (as  described  above)  to  reflect  the  end  of  a  threat. 
If  current  force  levels  exceed  force  requirements,  force  demobilization  begin. 

Attrition.  Buildup,  and  Demobilization. 

The  simulation  model  has  three  “subroutines”  which  handle  the  attrition,  buildup,  and 
demobilization  of  forces.  The  subroutines  work  by  smq)ly  advancing  the  simulation  clock 
a  short  time  interval  and  then  either  increasing  or  decreasing  the  Total  Force  Level.  The 
user  defines  the  attrition,  buildup,  and  demobilization  rates  in  the  control  statements. 

Attrition.  When  determining  the  amount  of  attrition  during  a  military  action,  it  is 
assumed  that,  since  attrition  is  inflicted  by  the  enemy,  the  attrition  rate  is  apphed  to  the 
Threat  Level  rather  than  to  the  actual  amount  of  forces  committed  to  the  military  action  in 
question.  For  exan:q)le,  assume  that  the  Threat  Level  is  2  MRC-equivalents,  the  amount 
of  forces  committed  to  the  military  action  is  1.75  MRC-equivalents,  the  attrition  rate  is 
10%  per  year,  and  the  “clock”  is  advanced  0.04  year.  Then  the  amount  of  attrition  over 
the  time  interval  is 

2(MRC)  *  0.04(Year)  =  0.008(MRC) 

Year  (6) 

The  amoimt  of  force  committed  to  the  military  action  is,  thus,  reduced  fi'om  1.75  MRC- 
equivalents  to  1.742  MRC-equivalents  over  the  period  of  0.04  year  (or  approximately  2 
weeks).  In  turn,  the  Total  Force  Level  is  decreased  by  0.008  MRC-equivalents. 

NOTE:  There  are  other,  more  sophisticated  methods  of  modeling  attrition  than  that 
presented  here.  Substitution  of  such  models  in  the  simulation  may  be  appropriate. 
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BiiilHiip  and  Demnbilization.  The  buildup  and  demobilization  of  forces  works  in 
fashion  similar  to  attrition,  but  the  rates  are  given  in  MRC-equivalents  per  year.  Thus,  if 
the  Buildup  Rate  is  0.5  MRC-equivalents  per  year,  then  over  a  two  week  interval  the 
Total  Force  Level  is  increased  by  0.002  MRC-equivalents. 

Costs. 

There  are  three  costs  used  to  track  the  billions  of  dollars  required  to  maintain,  buildup, 
and  demobilize  forces.  Each  time  there’s  a  change  in  the  amount  of  Total  Force,  a 
“maintenance”  cost  is  assessed.  If  Total  Force  level  “A”  began  at  time  1,  for  example,  and 
the  Total  Force  changes  to  level  “B”  at  time  2,  then  the  “maintenance”  cost  is  the  cost  of 
maintaining  level  “A”  from  time  1  to  time  2.  The  “mamtenance”  cost  for  that  time  period 
is  calculated  by  multiplying  the  Total  Force  Cost  Per  Year  for  level  “A”  by  the  length  of 
the  time  period.  Then  a  new  Total  Force  Cost  Per  Year  is  determined  as  follows: 

•  Before  the  simulation  is  started,  the  user  specifies  five  Total  Force  levels  and  then- 
respective  costs  per  year.  These  five  Total  Force  levels  form  six  intervals. 

•  The  new  Total  Force  level  is  compared  to  the  user-specified  Total  Force  levels  to 
determine  in  which  interval  it  falls. 

•  Through  linear  interpolation  (or  extrapolation)  the  cost  of  the  new  Total  Force 
level  is  determined. 

•  For  example,  suppose  that  the  five  Total  Force  levels  specified  are  0.5,  1,  2,  3,  and 
4  MRC-equivalents  with  respective  costs,  100,  185,  250,  300,  and  325  bUhon 
dollars.  If  the  new  Total  Force  level  is  2.5  MRC-equivalents,  then  this  new  force 
level  falls  in  the  interval  (2,  3)  and  by  linear  interpolation  has  a  cost  of  $275  billion 
per  year. 

Buildup  and  demobilization  costs  are  determined  by  assessing  penalties  to  the  change 
in  Total  Force  Cost  Per  Year.  During  any  buildup  or  demobilization  of  forces,  the  change 
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in  the  Total  Force  Cost  Per  Year  is  multiplied  by  the  time  interval  and  the  penalty.  For 
exan5)le,  if  the  previous  and  current  Total  Force  Costs  Per  Year  are  $275  bilhon  and  $276 
biUion,  respectively,  the  time  interval  is  0.04  year,  and  the  Buildup  Penalty  20%,  then  the 
additional  cost  of  building  force  over  this  two-week  interval  is 

($276  -  $275)  *  0.04Year  *  20%  =  $0,008  (7) 

or  $8  million. 

Risks. 

There  are  a  number  of  risks  important  to  the  choice  of  pohcy  alternatives.  The  first 
risk  is  the  risk  of  losing  valuable  U.S.  interests.  Recall  that  every  U.S.  interest  has  a  value 
defined  on  a  0  to  10  utihty  scale.  When  a  military  action  is  lost,  so  is  the  value  of  the 
interest  at  stake.  Thus,  the  risk  of  losing  interests  is  determined  by  the  sum  of  the  values 
of  all  the  interests  lost  during  the  simulation. 

The  second  risk  could  be  thought  of  as  a  Duration  Penalty.  That  is,  if  the  amount  of 
forces  assigned  to  a  mihtary  action  is  below  the  Threat  Level,  then  the  Duration  of 
Mihtary  Action  is  increased,  or  penalized.  The  increase  is  determined  by  the  shortage  in 
forces,  the  amount  that  the  “clock”  advances,  and  the  Duration  Penalty  parameter  (defined 
by  the  user  in  the  control  statements).  For  exan^le,  if  the  Threat  Level  is  1  MRC- 
equivalent  and  the  amoimt  offerees  assigned  to  the  threat  is  0.9  MRC-equivalents,  then 
the  shortage  is  10%.  The  shortage  is  multiphed  by  the  Duration  Penalty  and  the  “clock” 
time  interval.  So,  if  the  Duration  Penalty  is  200%,  then  the  Duration  of  the  Mihtary 
Action  will  be  increased  by 
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10%Shortage  *  200%Penalty  *  0.04Year  =  O.OOSYear 


(8) 


or  approximately  3  days.  In  words,  if  there  is  a  10%  shortage  in  required  forces  over  a 
two-week  period,  the  duration  of  the  military  action  will  be  increased  3  days.  The 
significance  of  this  penalty  is  that  there  will  be  additional  forces  lost  to  attrition  beyond 
what  there  would  have  been  if  sufficient  forces  were  available. 

The  third  risk  is  the  probabihty  that  Total  Force  falls  below  the  Force  Requirement. 
Since  the  Force  Requirement  may  have  a  “safety  margin”  built  into  it,  a  risk  of  even 
greater  importance  is  the  probabihty  that  Total  Force  faUs  below  the  amount  of  force 
actually  required  for  mihtary  action.  Both  of  these  risks  are  reported  by  the  simulation. 

The  Program  Code, 

Appendix  A  includes  the  program  code  for  the  model  with  a  description  of  how  to 
input  parameters  and  build  the  control  statements. 

Parameter  Selection. 

All  the  user-defined  parameters  for  the  simulation  are  eniunerated  in  Appendix  A. 

With  a  few  exceptions,  the  parameters  reflect  personal  judgements  formed  after  a  cursory 
review  of  post-World  War  n  history,  with  particular  attention  to  recent  events.  The  few 
exceptions  are  explained  below. 

Buildup  Rate.  The  Buildup  Rate  is  actually  one  of  the  decision  variables  rather  than  a 
static  parameter.  It  seemed  important  to  set  an  upper  bound  on  the  Buildup  Rate  for  the 
analysis.  Table  3-6  summarizes  the  number  of  “units”  required  for  one  MRC.  Lewis 
claims  that,  on  the  average,  6.5  aircraft  must  be  produced  each  year  to  sustain  a  TFW 
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(Lewis,  1989:  44).  A  2  MRC-equivalent  mflitary  includes  20  TFW-equivalents.  At  a  rate 
of  6.5  aircraft  per  TFW  per  year,  industry  must  produce  130  aircraft  a  year  to  sustain  a  2 
MRC-equivalent  Air  Force.  If  an  additional  10  TFWs  were  to  be  built  in  a  year  (a  Biuldup 
Rate  of  1  MRC  per  year),  a  total  of  850  aircraft  would  need  to  be  built,  or  approximately 
6.5  times  the  normal  rate.  This  seemed  hke  an  attainable  Buildup  Rate,  keeping  in  mind 
that  the  Buildup  Cost  Penalty  should  reflect  the  Buildup  Rate.  (Unfortunately,  data  was 
not  available  to  make  a  similar  claim  about  Army  or  Navy  umts.) 

Table  3-6 


Conq)osition  of  One  MRC 


Units 

5  Divisions 

75,000  Soldiers 

Navy 

5  Carriers  Battle  Groups 

5  Carriers  +  Support  Ships 

Air  Force 

10  Tactical  Fighter  Wings 

720  Aircraft 

Total  Force  Costs.  Considerable  historical  data  on  defense  expenditures  is  available 
(0MB,  1994;  Air  Force  Association,  1994;  37);  however,  it  does  not  lend  itself  very  easily 
to  an  unarguable  projection  of  future  force  costs.  Figure  3-4  shows  a  plot  of  historical 
cost  data  and  an  approximation  of  those  costs.  Data  dating  back  to  the  mid-1980’s  was 
normalized  into  constant  1995  dollars  and,  for  each  year,  the  force  size  was  converted  into 
MRC-equivalents.  The  approximating  line  shown  in  the  figure  is  defined  by  the  formula 

Cost($billions)  =  132  *  V2*MRC  (9) 

The  term  under  the  radical  was  chosen  to  provide  a  concave  curve  which  begins  at  the 
origin  (assuming  that  $0  give  no  capability),  rises  quickly  at  first  (to  reflect  the  front-end 
costs  of  infrastructure),  and  then  increases  at  a  decreasing  rate  to  reflect  a  decreasing 
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marginal  cost  of  additional  forces.  The  constant  term  was  chosen  to  scale  the  curve 
upward  to  “fit”  through  the  historical  data. 


The  five  Total  Force  Levels  entered  into  the  control  statements  were  0.5,  1,  2,  3,  and 
4,  and  approximate  costs  for  these  levels  were  determined  using  the  above  equation. 


Figure  3-4.  Approximating  Force  Costs 


Desien  of  Experiment. 

Table  3-7  enumerates  the  pohcy  alternatives  evaluated  by  the  methodology.  The  levels 


for  each  decision  variable  were  chosen  as  follows: 


•  Three  Base  Force  levels  were  chosen.  A  3-MRC  Base  Force  (similar  in  size  to 
Cold  War  force  levels)  was  evaluated  to  provide  a  baseline  by  which  to  compare 
other  alternatives.  A  2-MRC  Base  Force  was  evaluated  because  it  is  the  current 
Base  Force  “of  choice.”  A  1-MRC  Base  Force  was  evaluated  to  investigate  the 
possibUity  of  reducing  the  Base  Force  even  fiuther. 

•  Two  Buildup  Levels  were  evaluated:  100%  of  the  Force  Requirement  and  150% 
of  the  Force  Requirement.  These  two  levels  permit  conq)arison  of  policy 
alternatives  with  no  “safety  margin”  and  with  a  50%  “safety  margin,”  respectively. 
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•  Two  Buildup  Rates  were  evaluated:  0.2  and  1  MRC  per  year.  A  Buildup  Rate  of 
0.2  MRC  per  year  is  a  relatively  low  Buildup  Rate,  while  a  1  MRC  per  year  rate  is 
relatively  high  (as  e5q)lamed  earlier). 

•  Two  Demobilization  Rates  were  evaluated:  0.2  and  1  MRC  per  year.  These  rates 
are  chosen  to  corr5)are  a  relatively  low  rate  with  a  relatively  high  rate. 

With  the  given  levels  of  each  decision  variable,  a  total  of  24  policy  alternatives  were 
evaluated.  Each  alternative  was  simulated  100  times.  In  general,  more  simulation  runs 
means  better  statistical  data.  The  choice  of  simulating  100  times  per  alternative  was  made 
primarily  according  to  limitations  in  processing  time. 
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Table  3-7 


Design  of  Experiment 


Alternative 

nni 

IlijSBli 

1 

1 

100 

1 

1 

2 

1 

100 

1 

0.2 

3 

1 

100 

0.2 

1 

4 

1 

100 

0.2 

0.2 

5 

1 

150 

1 

1 

6 

1 

150 

1 

0.2 

7 

1 

150 

0.2 

1 

8 

1 

150 

0.2 

0.2 

9 

2 

100 

1 

1 

10 

2 

100 

1 

0.2 

11 

2 

100 

0.2 

1 

12 

2 

100 

0.2 

0.2 

13 

2 

150 

1 

1 

14 

2 

150 

1 

0.2 

15 

2 

150 

0.2 

1 

16 

2 

150 

0.2 

0.2 

17 

3 

100 

1 

1 

18 

3 

100 

1 

0.2 

19 

3 

100 

0.2 

1 

20 

3 

100 

0.2 

0.2 

21 

3 

150 

1 

1 

22 

3 

150 

1 

0.2 

23 

3 

150 

0.2 

1 

24 

3 

150 

0.2 

0.2 
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This  chapter  is  divided  into  three  sections.  The  first  section  offers  an  example  of  a 
simulation  timeline  The  second  section  presents  a  characterization  of  the  costs  and  risks 
associated  with  each  alternative.  The  third  section  presents  plots  useful  in  evaluating 
alternatives  against  the  costs  and  risks. 

Example  nf  a  Simulation  Timeline. 

The  three  plots  which  follow  demonstrate  how  certam  key  variables  respond  over  time 
to  simulated  events.  The  plots  are  Jfrom  one  distinct  simulation  run  of  policy  Alternative  9 
(2-MRC  Base  Force,  100%  Buildup  Level,  1  MRC-per-year  Buildup  Rate,  and  1  MRC- 
per-year  Demobilization  Rate). 


The  first  plot  (Figure  4- 1)  shows  how  Total  Force  and  the  Force  Requirement  change 
over  time.  Table  4- 1  explains  the  most  meaningful  “events”  in  the  timeline. 


Figure  4-1.  Timeline  Example  (Total  Force  vs.  Force  Requirement) 
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Table  4-1 


j 

Key  Events  in  Figure  4- 1 


Time 

‘^vent” 

A 

A  period  of  time  when  various  MRC-type  threats  are  generated  and  acted  upon. 

B 

EWI  of  a  World  War  are  received.  The  Force  Requirement  is  adjusted  upward 
according  to  inteUigence  estimates  of  the  Threat  Level  of  the  mq)  ending  war. 
Buildup  offeree  begins. 

C 

The  Total  Force  has  reached  the  Force  Requirement  and  the  buildup  ends. 

Recall  that  with  a  Buildup  Level  of  100%,  there  is  no  “safety  margin.” 

D 

The  World  War  begins  and  the  Force  Requirement  is  adjusted  upward  to  reflect 
the  actual  Threat  Level.  Attrition  begins. 

E 

Force  buildup  is  not  able  to  “keep  up”  with  attrition.  Total  Force  drops  below 
the  Lose  Threshold  and  the  World  War  ends  unfevorably  for  the  U.S. 

F 

A  Cold  War  period  evolves  out  of  the  World  War.  Forces  are  demobilized  to 
the  new  Force  Requirement. 

G 

MRC-type  threats  begin  to  developed  again. 

Figure  4-2  shows  two  variables:  1)  Total  Force  and  2)  Total  Force  less  the  Force 
Requirement.  Table  4-2  summarizes  the  key  events  in  this  plot. 


Total  Force 
TF-Fteq 


Figure  4-2.  Timeline  Example  (Total  Force  vs.  Total  Force  less  Force  Requirement) 
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Table  4-2 


Key  Events  in  Figure  4-2 

Time _ ‘lEvent” _ 

A  Force  buildup  begins  in  response  to  EWI  of  World  War. _ 

B  The  World  War  begins  and  the  difference  between  Total  Force  and  the 
Force  Requirement  drops  below  zero.  In  other  words,  the  Force 

_ Requirement  exceeds  Total  Force. _ 

C  After  a  period  of  attrition,  Total  Force  drops  to  a  level  where  the  Force 
Requirement  exceeds  Total  Force  by  the  Lose  Threshold.  The  World 
War  ends  unfavorably  for  the  U.S. 


Figure  4-3  shows  Total  Force  versus  the  Cost  per  Year.  Point  “A”  marks  the  time 
when  mihtaiy  buildup  begins. 


Figure  4-3.  Timeline  Example  (Total  Force  vs.  Cost/Year) 


Characterization  of  Costs  and  Risks. 


Appendix  B  contains  a  complete  listing  of  the  simulation  output  for  all  24  alternatives. 
The  discussion  which  follows  summarizes  this  data.  Recall  that  100  simulation  runs  were 
made  for  each  alternative.  In  the  plots  below,  the  mean  of  these  100  runs  is  used  as  the 
single-point  estimator  of  the  “true”  value  of  the  variables  presented. 

Total  Cost.  Figure  4-4  shows  the  Total  Cost  for  each  policy  alternative.  When  a  line 
is  added  to  connect  the  points,  the  following  patterns  emerge. 

•  There  is  a  general  trend  upward  from  left  to  right.  This  trend  is  explained  by  the 
fact  that  the  alternatives  to  the  left  have  a  Base  Force  of  1  while  those  to  the  right 
have  a  Base  Force  of  3. 

•  There  are  regular  peaks  and  dips.  The  peaks  are  alternatives  with  the  higher 
Buildup  Rate  while  the  dips  are  the  alternatives  with  the  lower  Buildup  Rate. 
Obviously,  the  greater  penalty  associated  with  the  higher  Buildup  Rate  increases 

overall  cost. 

.  Within  each  peak  and  dip  are  two  alternatives.  Both  alternatives  in  any  gwen  peak 
or  dip  are  identical  except  for  the  Demobilization  Rate.  The  first  alternative  in 
each  peak  has  the  higher  Demobilization  Rate  and  generally  has  a  shghtly  lower 
Total  Cost.  Since  the  higher  Demobilization  Rate  was  not  penalized  more  than  the 
lower  rate,  it  would  make  sense  to  demobilize  quickly  and  return  more  quickly  to  a 
lower  maintenance  cost. 

•  There  is  a  greater  difference  between  the  peaks  and  dips  to  the  left  than  between 
the  peaks  and  dips  to  the  right.  Ibis  might  suggest  (and  reasonably  so)  that,  with  a 
larger  Base  Force,  there  is  less  reliance  on  buildup  and  demobilization. 
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Figure  4-4.  The  Total  Cost  of  Each  Alternative 


Figure  4-5  shows  the  mean  and  range  of  Total  Costs  for  each  alternative.  Note  that: 

•  The  range  of  Total  Costs  appears  to  be  wider  for  alternatives  with  a  150%  Buildup 
Level  (Alternatives  5  to  8,  13  to  16, 21  to  24)  than  for  similar  alternatives  with  a 
100%  Buildup  Level  (Alternatives  1  to  4,  9  to  12,  17  to  20,  respectively). 

•  The  range  of  Total  Costs  appears  shorter  for  alternatives  with  a  higher  Base  Force. 
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Figure  4-5.  Variability  in  Total  Cost 


Value  of  Tnf  grgst  Lost.  Figure  4-6  shows  the  mean  Value  of  Interest  Lost  for  each 
alternative,  while  Figure  4-7  shows  the  complete  range  of  values  for  each  alternative. 

Note  that; 

•  There  is  a  downward  trend  in  the  mean  values  from  left  to  right.  This  suggests 
that  there  is  less  risk  of  losing  U.S.  interests  when  a  higher  Base  Force  is 
maintained. 

•  ■  The  dips  include  alternatives  with  the  higher  Buildup  Rate,  suggesting  that  there  is 

less  risk  of  losing  U.S.  interests  when  forces  are  built  up  quickly. 

•  In  general,  the  second  alternative  in  each  pair  (i.e.,  peak  or  dip)  has  a  lower  Value 
of  Interest  Lost.  This  suggests  that  a  low  Demobilization  Rate  helps  reduce  the 
Value  of  Interest  Lost. 
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Percent  of  Time  the  Force  Renuirement  Exceeds  Total  Force.  Figures  4-8  and  4-9 


summarize  the  data  on  the  percent  of  time  that  the  Force  Requirement  exceeds  Total 
Force.  Note  that: 

•  Higher  Base  Forces  and  the  higher  Buildup  Rate  tend  to  reduce  the  risk  that  the 
Force  Requirement  wiU  exceed  the  Total  Force. 

•  The  risk  of  being  unprepared  is  as  great  for  Alternatives  12,  13,  16,  and  17  (where 
the  Base  Force  is  2  MRC-equivalents)  as  it  is  for  Alternatives  3,  4,  7,  and  8  (where 
the  Base  Force  is  1  MRC-equivalent).  This  suggests  that  having  a  higher  Buildup 
Rate  may  be  more  important,  in  some  scenarios,  than  having  a  larger  Base  Force. 


Figure  4-8.  Percent  of  Time  Requirement  Exceeds  Total  Force 
for  Each  Alternative 
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60t 


Alternative 

Figure  4-9.  Variability  in  Percent  of  Time  Requirement  Exceeds  Total  Force 

Evaluating  Alternatives  Against  the  Costs  and  Risks. 

The  following  plots  present  several  “views”  of  the  policy  alternatives.  In  each  “view,” 
the  alternatives  are  plotted  according  to  a  pair  of  costs  and/or  risks.  With  each  “view,” 
insights  can  be  gained  and  certain  alternatives  can  be  eliminated  as  too  costly  or  too  risky. 

The  plot  in  Figure  4- 10  has  Value  of  Interest  Lost  on  the  x-axis  and  Total  Cost  on  the 
y-axis.  When  each  alternative  is  placed  on  the  plot  according  its  mean  Value  of  Interest 
Lost  and  its  mean  Total  Cost,  certain  groupings  of  alternatives  become  apparent.  In  fact, 
in  all  of  the  “views”  of  the  policy  alternatives,  these  same  groupings  will  remain  relatively 
congruous.  The  groupings  are  tabulated  in  Table  4-3. 


4-9 


Figure  4- 10.  Total  Cost  vs.  Value  of  Interest  Lost 


Table  4-3 


Groupings  of  Alternatives 


Alternatives 

Differentiating  Characteristics 

3,  4,  7,  8 

Base  Force  =  1,  Buildup  Rate  =  0.2 

11,  12,  15,  16 

Base  Force  =  2,  Buildup  Rate  =  0.2 

19,  20,  23,  24 

Base  Force  =  3,  Buildup  Rate  =  0.2 

ESSnEH 

1,2 

Base  Force  =  1,  Buildup  Level  =  100%,  Buildup  Rate  =  1 

EmBEm 

5,6 

Base  Force  =  1,  Buildup  Level  =  150%,  Buildup  Rate  =  1 

Pair  (9,  10) 

9,  10 

Base  Force  =  2,  Buildup  Level  =  100%,  Buildup  Rate  =  1 

13,  14 

Base  Force  =  2,  Buildup  Level  =  150%,  Buildup  Rate  =  1 

Pair  (17,  18) 

17,  18 

Base  Force  =  3,  Buildup  Level  =  100%,  Buildup  Rate  =  1 

Pair  (21,  22) 

21,22 

Base  Force  =  3,  Buildup  Level  =  150%,  Buildup  Rate  =  1 

Figure  4-10  is  now  repeated  with  the  alternative  Groups  circled  and  alternative  Pairs 
connected  by  a  line. 
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Figure  4-11.  Total  Cost  vs.  Value  of  Interest  Lost 
(with  Alternatives  Grouped) 


With  the  groundwork  laid,  attention  can  now  be  turned  to  evaluating  alternatives. 
Suggesting  that  being  to  the  lower  left  comer  of  the  plot  is  best,  the  following 
observations  can  be  made; 

•  Since  World  War  carries  a  Value  of  Interest  equal  to  10,  choosing  an  alternative 
with  a  Value  of  Interest  Lost  less  than  10  suggests  that  on  the  average  no  World 
Wars  are  lost.  Eliminating  alternatives  with  a  Value  of  Interest  Lost  greater  than 
or  equal  to  10  eliminates  Groups  I  and  n.  These  two  groups  consist  of  the 
alternatives  with  1-  or  2-MRC  Base  Forces  and  the  lower  Buildup  Rate. 

•  Group  m  is  dominated  by  six  other  alternatives:  5,  6,  9,  10,  13,  and  14. 

•  Only  Alternatives  with  the  higher  Buildup  Rate  seem  to  be  reasonable  choices. 
Among  those.  Alternatives  9,  10,  14,  17,  and  18  are  also  dominated  by  other 
alternatives. 

•  Alternatives  1,  2,  5,  6,  13,  21,  22  are  left  undominated. 
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The  next  metric  used  to  evaluate  alternatives  is  the  percent  of  time  that  the  Force 
Requirement  exceeds  Total  Force.  Plotting  this  metric  versus  Total  Cost  and  Value  of 
Interest  Lost  yields  Figures  4-12  and  4-13,  respectively.  The  following  observations  can 
be  made  jfrom  these  figures: 

•  Even  with  the  higher  Buildup  Rate,  the  Force  Requirement  will  exceed  Total  Force 
anywhere  from  5  to  25  percent  of  the  time. 

•  It  might  be  useful  to  identify  a  maximum  acceptable  risk  of  having  the  Force 
Requirement  exceed  Total  Force.  11^  for  exanq)le,  the  maximum  acceptable  risk  is 
20%,  then  Groups  I  and  n  can  be  eliminated,  as  well  as  Alternative  Pair  (1,  2). 

•  In  Figure  4- 12,  only  Groups  n  and  HI  and  Alternatives  1,  9,  and  10  are  dommated. 


•  In  Figure  4-13,  Alternative  22  dominates  all  others. 


Figure  4-12.  Total  Cost  vs.  Percent  of  Time  Force  Requirement 
Exceeds  Total  Force 
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Value  of  Interest  Lost 


Figure  4-13.  Value  of  Interest  Lost  vs.  Percent  of  Time  Force  Requirement 

Exceeds  Total  Force 
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V.  Conclusions  and  Recommendations 


Conclusions. 

Alternative  22  is  the  only  alternative  which  is  undonhnated  in  all  “views.” 

•  Alternative  22  consists  of  a  3-MRC  Base  Force,  a  150%  Buildup  Level,  a  1  MRC- 
per-year  Buildup  Rate,  and  a  0.2  MRC-per-year  Demobilization  Rate. 

•  Alternative  22  closely  resembles  the  U.S.  pohcy  followed  during  the  later  years  of 
the  Cold  War. 

•  Alternative  22  results  in  the  lowest  Value  of  Interest  Lost  and  the  lowest  percent 
of  time  that  the  Force  Requirement  exceeds  Total  Force. 

•  However,  Alternative  22  has  the  highest  Total  Cost  of  aU  alternatives.  This  high 
cost  is  the  reason  that  such  a  pohcy  alternative  is  being  abandoned  in  the  post-Cold 
War  period. 

Buildup  Rate  appears  to  be  a  key  factor. 

•  A  high  Buildup  Rate  helps  compensate  for  a  smaller  Base  Force. 

•  The  best  pohcy  should  probably  include  the  highest  Buildup  Rate  possible. 
Unfortunately,  the  rate  at  which  forces  can  be  buht  up  depends  on  the  health  of  the 
defense-industrial  base.  The  defense-industrial  base  is  being  weakened  over  time 
and  is  probably  dependent,  in  part,  on  the  size  of  the  Base  Force  (i.e.,  the  higher 
the  Base  Force,  the  more  production  that  is  required  to  maintain  the  Base  Force). 

The  optimal  pohcy  alternative  might  be  identified  by  determining  the  maximum  amount 
of  acceptable  risk  and  choosing  an  alternative  with  acceptable  risk  and  the  lowest  cost. 

Recommendation. 

Further  study  might  include: 

•  Investigate  how  the  timing  of  EWI  influences  the  choice  of  alternatives.  The 
timing  of  EWI  is,  in  part,  a  fimction  of  the  abUity  of  the  intehigence  commumty  to 
gather  and  process  these  EWI,  but  is  also  a  fimction  of  how  National  Command 
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Authorities  choose  to  respond  to  the  EWI  received.  Such  an  investigation  can  be 
made  with  the  current  model  by  modifymg  EWI-timing  parameters. 

•  Study  the  work  that  has  been  done  to  model  force  attrition  and  “upgrade  the 
attrition  subroutine  in  the  simulation  model. 

•  Make  the  assumption  that  the  frequency  and  nature  of  threats  are  dependent  on  the 
force  structure  and  investigate  how  this  assumption  mfluences  the  choice  of 
alternatives.  Such  an  investigation  can  be  made  with  the  current  model  by 
changing  the  threat  parameters  when  force  structure  parameters  are  changed. 

•  Model  buildup  rates  as  a  function  of  the  Base  Force. 

•  Gather  better  cost  data  for  future  experimentation. 
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Appendix  A:  Simulation  Model 


MICROSOFT  EXCEL  SPREADSHEET 

Figure  A-1  shows  the  spreadsheet  used  to  define  simulation  parameters  and  bmld  the 
control  statements.  In  the  control  statements,  the  parameters  are  generally  listed  in  array 
form  To  assure  that  the  proper  parameters  were  placed  in  the  correct  position  in  the 
arrays,  the  spreadsheet  was  linked  to  a  Microsoft  Word  document.  The  Word  document 
contained  the  text  required  for  the  control  statements  and  drew  the  actual  numbers  from 
the  spreadsheet  through  the  link.  The  Word  document  was  then  saved  as  a  text-only  file 
and  was  ready  for  use  by  SLAM  H. 
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SIMULATION  PARAMETERS 

Run  Date 

3/6/1995 

Iterations  Per  Simulation 

1 

Print  Summary  Report  Every  "X'  Runs 

1 

Time  Increment  for  Build,  Attrit,  Demob 

0.04 

DECISIONS 

Initial  Base  Force 

2 

Buildup  Level  (%) 

100 

Note:  Adjust  Buildup  Penalty 

Buildup  Rate  (TF/Year) 

1 

Demobilization  Rate  (TF/Year) 

1 

Note:  Adjust  Demob  Penalty 

GENERAL 

Planning  Horizon  (Years) 

20 

Buildup  Cost  Penalty  (%  of  TF/Year) 

20 

Demobilization  Cost  Penalty  (%  of  TF/Year) 

20 

Lose  Threshhold  (%) 

40 

Duration  Penalty  (%  of  shortage) 

200 

THREAT  TYPE  1  PARAMETERS 


Threat  Level:  Uniform  (Low,  High) 

0.1 

03 

Mean  Time  Between  Threats 

0.5 

Duration:  Triangular  (Min,  Mode,  Max) 

0.125 

0.5 

1 

Time  From  EWI  to  Action  Triangular  (Min,  Mode,  Max) 

0 

0.25 

0.5 

Intel  Accuracy  for  Level:  Uniform  (%Low,  %High) 

20 

20 

Attrition  Rate  (%/Year) 

10 

PfPeacekeeping  Only} 

0.75 

THREAT  TYPE  2  PARAMETERS 


Threat  Level:  Uniform  (Low,  High) 

0.75 

1  25 

Mean  Time  Between  Threats 

10 

Duration:  Triangular  (Min,  Mode,  Max) 

0.25 

1 

2 

Time  From  EVM  to  Action  Triangular  (Min,  Mode,  Max) 

0.25 

0.5 

0.75 

Intel  Accuracyfor  Level:  Uniform  (%Low,  %High) 

30 

30 

Attrition  Rate  (%/Year) 

20 

P{Peacekeeping  Only} 

oM 

THREAT  TYPE  3  PARAMETERS 

Threat  Level:  Uniform  (Low,  High) 

1.75 

225 

Mean  Time  Between  Threats 

10 

Duration:  Triangular  (Min,  Mode,  Max) 

0.5 

1 

3 

Time  From  EWI  to  Action  Triangular  (Min,  Mode,  Max) 

0.25 

0.75 

1 

Intel  Accuracyfor  Level:  Uniform  (%Low,  %High) 

30 

30 

Attrition  Rate  (%/Year) 

30 

P{Peacekeeping  Only}  | _ 0 


Figure  A- 1 .  Spreadsheet  for  Defining  Parameters 
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THREAT  TYPE  4  PARAMETERS 
Threat  Level:  Uniform  (Low,  High) 

Earliest  Occurence  (Years) 

P{Occurence  in  Time  Horizon) 

Duration:  Triangular  (Min,  Mode,  Max) 

Time  From  EWI  to  Action  Triangular  (Min,  Mode,  Max) 
Intel  Accuracy  for  Level:  Uniform  (%Low,  %High) 
Attrition  Rate  (%/Year) 

P{Evolving  to  Cold  War) 

Size  of  Cold  War:  %  of  World  War  Level 


THREAT  TYPE  5  PARAMETERS 


Threat  Level:  Uniform  (Low,  High) 

2 

3 

Earliest  Occurence  (Years) 

8 

P{Occurence  in  Time  Horizon) 

0.5 

30 

Duration:  Triangular  (Min,  Mode,  Max) 

10 

Time  From  EWI  to  Action  Triangular  (Min,  Mode,  Max) 

0.5 

1 

Intel  Accuracy  for  Level:  Uniform  (%Low,  %High) 

30 

30 

Deterrent  Force  %-age 

25 

Rate  Change  MRC  % 

75 

INTEREST  PROBABILITIES 
Value  of  I  nterest 
P{Type  1  has  this  Interest) 
P{Type  2  has  this  interest) 
PfType  3  has  this  interest) 
PfType  4  has  this  interest) 
P{Type  5  has  this  interest) 

COST  ESTIMATES 
Force  Size 
Cost  of  Size 


Figure  A-1.  Spreadsheet  for  Defining  Parameters  (Cont.) 
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SLAM  n  CONTROL  STATEMENTS 


GEN, MICHAEL  L.  FREDLEY,THESIS,3/5/1995,100,Y,Y,Y/Y,Y,Y/S,72; 
LIMITS,15,25,500; 

ARRAY{1,15)/0.1,0.3,0,0.75,1.25,0,1.75,2.25,0,4,6,0,2,3,0; 
INTLC,XX(64) =0.5,XX(65) =10,XX(66)=10; 

ARRAY{2,  15)  70,0,0,0,0,0,0,0,0,10,0,0,8,0,0; 

ARRAY(3,15)/0.125,0.5,1,0.25,1,2,0.5,1,3,1,2,5,10,30,70; 

ARRAY(4,15)/0,0.25,0.5,0.25,0.5,0.75,0.25,0.75,1,1,2,5,0.5,1,3; 

ARRAY(5,15)/20,20,0,30,30,0,30,30,0,30,30,0,30,30,0; 

ARRAY (6, 15) /lO , 0 , 0 , 2 0 , 0 , 0 , 3 0 , 0 , 0 , 40 , 0 , 0 , 0 , 0 , 0 ; 

ARRAY  (  7  ,  1  5  )  /  0  .  7  5  ,  0  ,  0  ,  0  ,  0  ,  0  ,  0  ,  0  ,  0  ,  0  ,  0  ,  0  ,  2  5  ,  0  ,  0  ; 

ARRAY (8,15)70,0,0,0,0,0,0,0,0,0,0,0,75,0,0; 

ARRAY (9,15)70,0,0,0,0,0,0,0,0,0.5,0,0,0,0,0; 
ARRAY(10,15)70,0,0,0,0,0,0,0,0,0.5,0,0,0.5,0,0; 

ARRAY (11, 15) 70,0,0,0,0,0,0,0,0,50,0,0,0,0,0; 

ARRAY (30, 4) 71,2,4,10; 

ARRAY (31, 15) 70.8,0.2,0,0.1,0.6,0.3,0,0.2,0.8,0,0,0,0,0,0; 
INTLC,XX(41)=0.5,XX(43)=1,XX(45)=2,XX(47)=3,XX(49)=4; 
INTLC,XX(42) =132,XX(44)=186.7,XX(46)=264,XX(48)=323,XX(50)=373; 

INTLC,XX(3) =2; 

INTLC,XX(8)=0.04; 

INTLC,XX(9)  =100; 

INTLC,XX(10)=0.2; 

INTLC,XX(12) =20; 

INTLC,XX(16)  =0  .2; 

INTLC,XX(18)  =20; 

INTLC,XX(33)=40; 

INTLC,XX(36)=200; 

INTLC,XX(83) =20; 

NETWORK; 

INITIALIZE, 0,20, Y; 

RECORD,TNOW,TIME, ,T, .1,0,20,Y; 

VAR, XX(1) , 1, TOTAL  FORCE, 0, MAX; 

VAR, XX (2 ) , 2 , AVAIL  FORCE , 0 , MAX; 

VAR,XX(20) ,0,TF  REQ,0,MAX; 

VAR,XX(24),4,CFREQ,0,MAX; 

VAR,XX(76) , *,TOTAL  COST,0,MAX; 

VAR, XX(59) ,*, COST  PER  YR,0,MAX; 

VAR,XX(79) , *,NEG  TF  REQ,0,MAX; 

VAR,XX(80) ,*,NEG  CF  REQ,0,MAX; 

VAR,XX(92) , *,NEG  COMBAT , 0 , MAX; 


FIN; 
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ATTRTOUTES.  VARIABLES.  AND  FILES 
Table  A-1  gives  a  complete  list  of  the  attributes,  variables,  and  files  used  in  the 


network  model. 


Table  A-1 


Attributes,  Variables,  and  Files 


ATRIBUTES 


Event  Type 


Actual  Conflict  Level 


EWI  Estimate  of  Level 


Interest 


Priori 


EWI  Time 


Attrition  Rate 


Time  fi-om  EWI  to  Event 


Start  Time 


Projected  Conflict  Duration 


Force  Assigned 


Duration  Remaimn 


Proiected  End  Time 


Force  Shortage 


Force  Shortage  % 


VARIABLES 


Available  Force  (AF 


*Initial  Base  Force 


Previous  Maint  Cost/Year 


Current  Maint  Cost/Year 


Time  of  last  change  in  TF 


Cmn  TF  Cost 


*Build/Attrit/Demob  Increm 


♦Buildup  Level/Safety  Mar 


♦Buildup  Rate  (TFA^  ear 


Buildup  Addition 


♦Buildup  Cost  Penalty  (% 


Cum  Bxiildup  Cost  Penal 


Current  Buildup  Cost/Year 


Attrition  Amount 


♦Demob  Rate  (TF/Year 


Demobilization  Amount 


♦Demob  Cost  Penalty  (% 


Cum  Demob  Cost  Penal 


TFRe 


MRCTFRe 


WWTFRe 


CWTFRe 


Committed  Force  Re 


Interest  Lost 


Lose  Threshhold  (Decimal 


Current  Demob  CostAf ear 


Force  in  MRC/WW 


Force  in  CW 


Total  Committed  Force 


Table  A-1  (Cont.) 
Attributes,  Variables,  and  Files 


Cum  Proiected  Duration 


Cum  Actual  Duration 


Lose  Threshhold  (% 


Start  Time  for  Nee  TF-TF  Re 


Cum  Time  for  Nee  TF-TF  Re 


*Duration  Penalty  (%  of  shortage 


Start  Time  for  Neg  TF-CF  Re 


Cum  Time  for  Neg  TF-CF  Re 


Extra  Duration  Due  to  Shortage 


Cost  Size  1 


Cost  for  Size  1 


Cost  Size  2 


Cost  for  Size  2 


Cost  Size  3 


Cost  for  Size  3 


Cost  Size  4 


Cost  for  Size  4 


Cost  Size  5 


Cost  for  Size  5 


-  Assi 


-  Assi 


Current  Total  Cost/Year 


Proposed  TF  after  Demob 


Index  for  Entities 


Index  for  Entities 


Index  for  Entities 


MTBEI 


MTBE2 


MTBE3 


Earhest  Occurence  of  WW 


Table  A-1  (Cont.) 
Attributes,  Variables,  and  Files 


Earliest  Occurence  of  CW 


Old  TF  Re 


Old  CF  Re 


Chanse  in  TF 


Change  in  CF 


Total  Cost  _ 


#CW  _ 


Duration  Penaltv/Proi  Duration 


TF  -  TFRe 


TF  -  CF  Re 


1*  when  CW  preempts  MRC 


1'  if  WW  Started 


Planning  Horizon 


r  if  TF-TF  Req<0 


rifTF-CFReq<0 


%  of  Time  TF-TF  Req<0 


%  of  Time  TF-CF  Req<0 


Lower  Limit  of  WW  Uniform  Dist 


Upper  Limit  of  WW  Uniform  Dist 


Lower  Limit  of  CW  Uniform  Dist 


Upper  Limit  of  CW  Uniform  Dist 


TF-ActF  Re 


r  if  TF-ActF  Req  <  0 


Start  Time  Neg  TF-ActF  Req  <  0 


Cum  Time  Neg  TF-ActF  Req  <  1 


ActF  Re 


%  Time  TF  <  Re 


-Branching  on  XX(4),  XX(5 


*  denotes  variables  input  from  control  statements 


SLAM  n  NETWORK  CODE 


GATE, BUILDUP, , 1 ; 

GATE , DEMOB , , 5 ; 

RESOURCE , MRC (0),6; 

RESOURCE, CW, 4,3, ■ 

RESOURCE,WW,2; 

EWIl  CREATE, EXPON (XX (64) ) , , 9 , , 1 ; 

ACTIVITY, ,TNOW.EQ.O,TERM; 

ACTIVITY/ 1 , , TNOW . NE . 0  ; 

MIA  ASSIGN,ATRIB (1) =1,XX(61) =1 , XX ( 62 ) =2 , XX ( 63 )  =3 , 1  ; 

ACTIVITY; 

M2  GOON,l; 

ACTIVITY, , NRUSE (WW) . EQ . 0 , GTATR; 

ACTIVITY, , NRUSE (WW) .GT.0,TERM; 

I 

EWI2  CREATE , EXPON (XX ( 65 )  )  ,  , 9  ,  ,  1  ; 

ACTIVITY, , TNOW. EQ.O, TERM; 

ACTIVITY/2 , , TNOW . NE . 0 ; 

MIB  ASSIGN,ATRIB(1) =2,XX(61) =4 , XX ( 62) =5 , XX (63 ) =6 , 1 ; 

ACTIVITY, , ,M2; 

PTMRC  ASSIGN, XX (70) =XX (24) , XX ( 24 ) =XX (24) +ATRIB (3 ) , XX ( 75 ) =XX ( 24 ) -XX(70) , 1 ; 
ACTIVITY; 

M3  ASSIGN, XX(21)=XX(21)+ATRIB(3)*XX(9)/100,XX(69)=XX(20) ,XX (80) =XX (1) -XX(24) , 
1; 

ACTIVITY, ,XX(23) .LT.XX(24) *XX(9) /lOO; 

ACTIVITY, ,XX(23) .GE .XX (24) *XX (9) /lOO ,M4B; 

M4A  ASSIGN, XX (20) =XX(24) *XX (9 ) /lOO , XX (74) =XX (20) -XX (69) ,XX (79) =XX (1) -XX (20) , 1; 

ACTIVITY; 

M5  GOON,l; 

ACTIVITY,ATRIB (11) ; 

M6  GOON,l; 

ACTIVITY , , NRUSE ( WW) .EQ.O; 

ACTIVITY, , NRUSE (WW) .GT.0,TERM; 

STMRC  ASSIGN, XX(70)=XX(24) , XX (24 ) =XX (24 ) -ATRIB (3) +ATRIB (2) , XX ( 75 ) =XX ( 24 ) -XX(70) , 
1; 

ACTIVITY; 

ASSIGN, XX (96) =XX ( 96 ) +ATRIB (2) ,1; 

ACTIVITY; 

M7  ASSIGN, XX (21) =XX (21) -ATRIB (3) *XX(9) /lOO+ATRIB ( 2 ) *XX (9) /I 00, XX (80) =XX(1) - 

XX(24) ,XX(92)=XX(1) -XX(96) , 1 ; 

ACTIVITY; 

M8  ASSIGN, ATRIB (22) =ATRIB (2) , ATRIB (15) =ATRIB ( 13 ) , XX (69) =XX (20) ,1; 

ACTIVITY, ,XX(23) .LT.XX(24) *XX(9) /lOO; 

ACTIVITY, ,XX(23) . GE . XX ( 24 ) *XX ( 9 ) /lOO ,M9B ; 

M9A  ASSIGN,XX(20) =XX(24) *XX ( 9 ) /lOO , XX ( 74 ) =XX (20 ) -XX (69) ,XX(79) =XX(1) -XX (20) , 1; 

ACTIVITY; 

MIO  GOON,l; 

ACTIVITY; 

Mil  ALTER, MRC, 1, 1; 

ACTIVITY; 

Ml  2  GOON,l; 

ACTIVITY, ,XX(82) .EQ.1,CXMRC; 

ACTIVITY, ,XX(82) .EQ.O; 
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Ml 3  G00N,1; 

ACTIVITY, ,XX(2) .GE .ATRIB (22) .AND. XX (81) .EQ.O; 

ACTIVITY, ,XX(2) . LT .ATRIB (22) .AND. XX (81) .EQ.0,M14B; 

ACTIVITY, , XX (81) .EQ.1,M24; 

M14A  ASSIGN, XX(37)=ATRIB(22) ,1; 

ACTIVITY; 

M15  AWAIT(6/1) ,MRC, ,1; 

ACTIVITY; 

M16  ASSIGN,ATRIB(14)=ATRIB(14)+XX(37) , ATRIB (22) =ATRIB (22) -XX (37) , ATRIB (23)= 
ATRIB (22) /ATRIB (2) , 1 ; 

ACTIVITY,• 

M17  ASSIGN, XX (2) =XX(2) -XX (37) , ATRIB (15) =ATRIB(15) +XX(8) *ATRIB (23) *XX (36) /lOO, 
1; 

ACTIVITY; 

M18  ASSIGN,XX(28) =XX(28) +XX(37) , XX (30) =XX (28) +XX (29) ,1; 

ACTIVITY, , ATRIB (23) .LT.XX(26) ; 

ACTIVITY, , ATRIB (23) .GE.XX(26) ,LOSE; 

M19  ASSIGN, XX (15) =ATRIB (2) *ATRIB (10) *XX(8) /lOO , ATRIB ( 14 ) =ATRIB (14) -XX (15) , 
ATRIB(22)=ATRIB(22)+XX(15) ,1; 

ACTIVITY; 

M20  ASSIGN, XX (28) =XX (28) -XX (15) ,XX (1) =XX(1) -XX (15) ,XX (30) =XX (28) +XX (29) ,1; 
ACTIVITY, XX (8) ; 

M21  ASSIGN, ATRIB (15) =ATRIB (15) -XX (8) , 1; 

ACTIVITY; 

M21B  ASSIGN, XX (79) =XX (1) -XX (20) ,XX(80) =XX(1) -XX (24) ,XX(92) =XX(1) -XX (96) , 1; 

ACTIVITY, 0 .000001; 

M2 2  GOON,l; 

ACTIVITY, , ATRIB (15) .GE.XX(8); 

ACTIVITY, ATRIB (15) , ATRIB (15) .LT .XX (8) ,M26 ; 

M23  FREE,MRC,1; 

ACTIVITY, , ,M12; 

M26  ASSIGN, XX(31)=XX(31)+ATRIB(13) ,XX (32) =XX (32) +TNOW-ATRIB (12 ) , XX (40) =XX (32) - 
XX(31) ,1; 

ACTIVITY; 

ENDM  ASSIGN, XX (2) =XX(2) +ATRIB (14) ,XX(21) =XX(21) -ATRIB (2) *XX ( 9 ) /lOO , XX (28 ) =XX ( 
28) -ATRIB (14) , 1; 

ACTIVITY; 

M27  FREE,MRC,1; 

ACTIVITY; 

M28  ALTER,MRC, -1, 1; 

ACTIVITY,■ 

M29  ASSIGN,XX(30)=XX(28)+XX(29)  ,1; 

ACTIVITY , , NRUSE ( WW) .EQ.O; 

ACTIVITY, ,NRUSE (WW) .GT.0,M34; 

M30  ASSIGN, XX ( 70 ) =XX (24) , XX (24) =XX (24) -ATRIB (2) , XX ( 75 ) =XX (24 ) -XX (70) , 1; 
ACTIVITY; 

M30B  ASSIGN,XX(96)=XX(96) -ATRIB(2) ,1; 

ACTIVITY; 

M31  ASSIGN, XX (69) =XX (20) , XX ( 80 ) =XX (1) -XX (24) , XX ( 92 ) =XX ( 1 ) -XX (96) , 1; 

ACTIVITY, ,XX(23) . LT . XX (24 ) *XX ( 9 ) /lOO ; 

ACTIVITY, ,XX(23) . GE . XX (24 ) *XX ( 9) /lOO ,M32B ; 

M32A  ASSIGN, XX (20) =XX(24) *  XX ( 9 ) /l 00 , XX ( 74 ) =XX (20 ) -XX (69) , XX ( 79 ) =XX ( 1 ) -XX (20) , 
1; 

ACTIVITY; 

M3 3  GOON,l; 

ACTIVITY; 

M34  TERMINATE; 
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M3  2B 


ASSIGN,XX(20)=XX(23) , XX ( 74 ) =XX (20 ) -XX (69) , XX ( 7 9 ) =XX ( 1 ) -XX (20 ) , 1 ; 
ACTIVITY, , ,M33 ; 

M14B  ASSIGN,XX(37)=XX(2) ,1; 

ACTIVITY, , ,M15; 

M24  ASSIGN, XX (2) =XX (2) +ATRIB (14) ,ATRIB (22) =ATRIB (22) +ATRIB (14) , ATRIB (15) = 
ATRIB  (15)  -XX  (8)  ,  1  ; 

ACTIVITY; 

M25  ASSIGN,XX(28) =XX(28) -ATRIB(14) , XX (3 0 ) =XX (28) +XX ( 29 ) ,ATRIB(14)=0,1; 
ACTIVITY, XX (8) , ,M12; 

M9B  ASSIGN, XX (20) =XX (23) , XX ( 74 ) =XX (20 ) -XX (69) ,XX (79) =XX (1) -XX (20) , 1 ; 
ACTIVITY, , ,M10; 

M4B  ASSIGN,  XX  (20)  =XX  (23)  ,XX  (74)  =XX  (20)  -XX  (69)  ,XX  (79)  =XX  (1)  -XX  (2  0)  ,  1  ; 
ACTIVITY, , ,M5; 

/ 

EWI3  CREATE, EXPON (XX (66) ) , , 9 , , 1 ; 

ACTIVITY, ,TNOW.EQ.O,TERM; 

ACTIVITY/3, ,TNOW.NE.O; 

MIC  ASSIGN,ATRIB(1)=3,XX(61)=7,XX(62)=8,XX(63)=9,1; 

ACTIVITY, , ,M2; 

EWI4  CREATE,XX(67) , ,9, ,1; 

ACTIVITY, ,TNOW.EQ.O,TERM; 

ACTIVITY , , TNOW . NE . 0 ; 

W1  ASSIGN, ATRIB (1) =4, XX (61) =10, XX (62) =11, XX (63) =12,1; 

ACTIVITY/4, ,NNCNT (4) .EQ.O; 

ACTIVITY, ,NNCNT(4) .GT.0,TERM; 

W2  AWAIT(2/1) ,WW,BALK(TERM) ,1; 

ACTIVITY, , ,GTATR; 

PTWW  ASSIGN, XX (22) =ATRIB (3) *XX ( 9 ) /lOO , XX (69) =XX(20) ,XX(70) =XX(24) , 1 ; 
ACTIVITY, ,XX(21) .GT.XX(22) ; 

ACTIVITY, ,XX(21) .LE.XX(22) ,W3B; 

W3A  ASSIGN,  XX  (20)  =XX  (21)  ,  XX  (24)  =XX  (21)  /XX  (9)  *100,  XX  (79)  =XX  (1)  -XX  (20)  ,  1  ; 
ACTIVITY; 

W4  ASSIGN, XX (74) =XX (20) -XX (69) , XX ( 75 ) =XX (24 ) -XX (70) ,XX (80) =XX(1) -XX (24) , 1 
ACTIVITY, ATRIB (11) ; 

W5  ASSIGN,XX(82) =1,XX(69) =XX(20) , XX ( 70) =XX (24) ,1; 

ACTIVITY; 

STWW  ASSIGN, XX(22) =ATRIB (2) *XX (9 ) /lOO , ATRIB ( 15 ) =ATRIB ( 13 ) ,1; 

ACTIVITY, ,XX (21) .GT.XX (22) ; 

ACTIVITY, ,XX(21) .LE.XX(22) ,W6B; 

W6A  ASSIGN, XX(20)=XX(21) , ATRIB (2) =XX (21) /XX (9 ) *1 00 , XX (24 ) =ATRIB (2 ) ,1; 
ACTIVITY; 

W7A  ASSIGN, XX(96)=ATRIB(2) ,1; 

ACTIVITY; 

W7  ASSIGN, XX (79) =XX (1) -XX (20) ,XX (80) =XX (1) -XX (24) ,XX (92) =XX (1) -XX (96) , 1; 
ACTIVITY; 

W8  ASSIGN, ATRIB (22) =ATRIB  (2)  ,XX (74) =XX (20) -XX (69)  ,XX (75) =XX (24) -XX  (70)  , 1  ; 
ACTIVITY; 

W9  PREEMPT ( 4 ) , CW , CXCW ,,1; 

ACTIVITY, XX (8) ; 

WIO  ASSIGN, ATRIB (15) =ATRIB (15) -XX (8) ,XX(21) =0, 1; 

ACTIVITY; 

Wll  GOON,l; 

ACTIVITY, , XX (2) .GE .ATRIB (22) ; 

ACTIVITY, ,XX(2) . LT . ATRIB (22 ) ,W12B; 

W12A  ASSIGN, XX(37) =ATRIB (22) ,1; 
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ACTIVITY; 

W13  ASSIGN, ATRIB (22) =ATRIB (22) -XX (37) ,ATRIB (23) =ATRIB (22) /ATRIB (2) , ATRIB (15) = 
ATRIB(15) +XX(8) *ATRIB (23 ) *XX (36) /lOO ,  1  ; 

ACTIVITY; 

W14  ASSIGN, XX (28) =XX(28) +XX(37) , XX (30) =XX (28) +XX (29 ) , ATRIB (14) =ATRIB(14) +XX ( 
37) ,1; 

ACTIVITY; 

W15  ASSIGN,XX(2)=XX(2) -XX(37)  ,1; 

ACTIVITY, , ATRIB (23) .LT.XX(26); 

ACTIVITY, ,ATRIB(23) .GE.XX(26) .LOSE; 

W16  ASSIGN, XX (15) =ATRIB (2) *ATRIB (10) *XX(8) /lOO , ATRIB (14) =ATRIB (14) -XX (15) , 
ATRIB(22)=ATRIB(22)+XX(15)  ,1; 

ACTIVITY; 

W17  ASSIGN, XX (28) =XX (28) -XX (15) ,XX(30) =XX (28) +XX(29) ,XX (1) =XX (1) -XX (15) , 1 ; 
ACTIVITY, XX (8) ; 

W18  ASSIGN, ATRIB (15) =ATRIB (15) -XX(8)  ,1; 

ACTIVITY; 

W18B  ASSIGN, XX (79) =XX (1) -XX (20) , XX ( 80 ) =XX ( 1 ) -XX (24) ,XX (92) =XX (1) -XX (96) , 1 ; 

ACTIVITY, 0 .000001; 

W19  GOON,l; 

ACTIVITY, , ATRIB (15) .GE.XX(8),W11; 

ACTIVITY, ATRIB (15) , ATRIB (15) .LT.XX(8); 

W20  ASSIGN, XX (31) =XX (31) +ATRIB (13) ,XX (32) =XX (32) +TNOW-ATRIB (12) ,XX (40) =XX (32) 

XX(31) , 1; 

ACTIVITY; 

ENDW  ASSIGN, XX (2) =XX (2) +ATRIB (14) , XX (22) =0 , ATRIB (14) =0,1; 

ACTIVITY; 

W21  ASSIGN,XX(69) =XX(20) , XX (20) =0 , XX (74) =XX(20) -XX (69) , 1; 

ACTIVITY; 

W22  ASSIGN, XX (70) =XX (24) , XX (24 ) =0 ,XX (75) =XX (24) -XX(70) ,2; 

ACTIVITY; 

W22B  ASSIGN, XX(96)  =0, 1; 

ACTIVITY; 

W23  ASSIGN, XX (28) =XX (28) -ATRIB(14)  , XX (30 ) =XX (28) +XX ( 29 )  ,XX (92) =XX (1) -XX(96)  ,1 
ACTIVITY; 

W24  ASSIGN, XX (79) =XX(1) -XX  (20)  ,XX(80) =XX(1) -XX (24)  ,XX(82) =0, 1; 

ACTIVITY; 

W25  FREE,WW,1; 

ACTIVITY; 

W26  FREE,CW,2; 

ACTIVITY; 

ACTIVITY, ,ARRAY(9,10) ,W28; 

W27  TERMINATE ; 

W28  AWAIT  (3/1)  ,CW,  ,1,• 

ACTIVITY; 

W29  ASSIGN, ATRIB (1) =5 , ATRIB (2) =ATRIB (2) ‘ARRAY (11, 10) /l 0 0 , ATRIB ( 8 ) =ATRIB (7) * 
100+ATRIB (7) /ATRIB (2) , 1 ; 

ACTIVITY; 

W30  ASSIGN, XX (51) =ARRAY (3,13) ,XX(52) =ARRAY (3,14) ,XX (53) =ARRAY (3,15) , 1 ; 
ACTIVITY; 

W31  ASSIGN, ATRIB (13) =TRIAG (XX (51 ) , XX (52) , XX (53 ) ) , ATRIB (19) =ATRIB (2) ‘ARRAY (7, 
13) /lOO, 1; 

ACTIVITY, 0 .000001, , STCW; 

W12B  ASSIGN,XX(37)=XX(2) ,1; 

ACTIVITY, , ,W13 ; 

W6B  ASSIGN, XX (20) =XX (22) , XX ( 24 ) =ATRIB (2) ,1; 

ACTIVITY, , ,W7A; 
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W3B  ASSIGN, XX(20) =XX{22) , XX (24) =ATRIB (3) , XX (79) =XX ( 1) -XX(20) , 1 ; 

ACTIVITY, , ,W4; 

/ 

EWI5  CREATE, XX(68) , ,9, ,1; 

ACTIVITY, ,TNOW.EQ.O,TERM; 

ACTIVITY , , TNOW . NE . 0 ; 

Cl  ASSIGN,ATRIB(1) =5,XX(61) =13,XX(62)=14,XX{63) =15, 1; 

ACTIVITY/5,  ,NRUSE(VfW)  .  EQ .  0  .  AND  .NNCNT  (5)  -EQ.O; 

ACTIVITY, ,NRUSE (VfW) .GT . 0 . OR -NNCNT (5) .GT.O,TERM; 

C2  AWAIT{3/1) ,CW,BALK{TERM) ,1; 

ACTIVITY, , ,GTATR; 

PTCW  ASSIGN, XX (23) =ATRIB (3) *XX (9) /100,ATRIB (19) =ATRIB (2) *ARRAY (7,13) /lOO ,ATRIB ( 
18) =ATRIB (3) *ARRAY (7 , 13 ) /lOO , 1 ; 

ACTIVITY; 

C3  ASSIGN, XX(70)=XX(24) , XX (24 ) =XX (24 ) +ATRIB ( 18) , XX ( 75 ) =XX ( 24 ) -XX(70) , 1 ; 

ACTIVITY, ,XX(23) . LT . XX (24 ) *XX ( 9 ) /lOO ; 

ACTIVITY, ,XX(23) .GE.XX(24) ‘XX(9) /100,C4B; 

C4A  ASSIGN, XX (69) =XX (20) ,XX (20) =XX (24) *XX(9) /100,XX (74) =XX (20) -XX (69) , 1; 
ACTIVITY; 

C5  ASSIGN, XX (79) =XX(1) -XX (20) , XX (80) =XX (1) -XX (24) ,1; 

ACTIVITY, ATRIB (11) ; 

STCW  ASSIGN, ATRIB (12) =TNOW, ATRIB (22) =ATRIB (19) , XX ( 70 ) =XX ( 24 ) , 1 ; 

ACTIVITY, ,NRUSE(WW) -EQ.O; 

ACTIVITY, ,NRUSE (WW) .GT.0,CXCW; 

C6  ASSIGN, XX (23 ) =ATRIB (2) *XX(9) /lOO , XX (24 ) =XX ( 24 ) -ATRIB ( 1 8 ) +ATRIB ( 19 ) ,XX(75) = 
XX(24) -XX(70) , 1; 

ACTIVITY, ,XX(23) . LT .XX (24 ) *XX (9) /lOO ; 

ACTIVITY, ,XX(23) . GE . XX (24) *XX (9) /lOO , C7B; 

C7A  ASSIGN, XX (69) =XX (20) , XX (20 ) =XX (24) *XX(9) /100,XX(74) =XX (20) -XX (69) , 1 ; 

ACTIVITY; 

C8A  ASSIGN, XX(96)=XX(96)+ATRIB(19) ,1; 

ACTIVITY; 

C8  ASSIGN, XX(79)=XX(1) -XX(20) , XX (80) =XX (1) -XX(24) , XX ( 92 ) =XX ( 1) -XX(96) ,1; 
ACTIVITY; 

C9  ASSIGN,XX(64) =XX(64) /ARRAY (8, 13) *100, XX (65) =XX(65) /ARRAY (8, 13) *100, XX (66)= 
XX (66) /ARRAY (8, 13) *100,1; 

ACTIVITY; 

CIO  ASSIGN, XX (77) =XX ( 77 ) +1 , ATRIB ( 15 ) =ATRIB(13)  ,1; 

ACTIVITY; 

Cll  GOON,l; 

ACTIVITY, , XX (2) .GE .ATRIB (22) ; 

ACTIVITY, ,XX(2) . LT . ATRIB (22 ) .AND .NRUSE (MRC) .EQ.0,C12B; 

ACTIVITY, ,XX(2) . LT . ATRIB (22) .AND .NRUSE (MRC) .GE.1,C16; 

C12A  ASSIGN,XX (37) =ATRIB (22) , 1; 

ACTIVITY; 

C13  ASSIGN, XX(2) =XX(2) -XX(37) , XX (29 ) =XX (29 ) +XX (3 7 ) , XX ( 3 0 ) =XX ( 28 ) +XX (29 ) ,1; 
ACTIVITY; 

C14  ASSIGN, ATRIB (22) =ATRIB (22) -XX (37) , ATRIB (14) =ATRIB (14) +XX (37) ,1 ; 

ACTIVITY, XX (8) ,ATRIB(22) .GT . 0 .AND .ATRIB (15) .GE.XX(8) ; 

ACTIVITY, ATRIB (15) ,ATRIB(15) .LT.XX(8) ,C18; 

ACTIVITY, ATRIB (15) , ATRIB (22) .EQ.0,C18; 

C15  ASSIGN, ATRIB (15) =ATRIB (15) -XX(8) , 1 ; 

ACTIVITY, , ,C11; 

C18  FREE,CW,1; 

ACTIVITY; 

TRCW  ASSIGN, XX ( 23 ) =0, XX (29) =0 , XX (3 0) =XX (28 ) +XX(29) , 1; 
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ACTIVITY; 

C19  ASSIGN, XX (23 ) =0, XX (64) =XX(64) *ARRAY ( 8 , 13 ) /lOO , XX ( 65 ) =XX(65) ‘ARRAY (8,13) / 

100,1; 

ACTIVITY; 

C20  ASSIGN, XX (2) =XX(2) +ATRIB(14)  , XX (66) =XX (66) ‘ARRAY  ( 8 , 13 ) /lOO , 1 ; 

ACTIVITY, ,NRUSE(WW) .EQ.O; 

ACTIVITY , , NRUSE ( WW) . GT . 0 , C24 ; 

C21  ASSIGN, XX (70) =XX  (24)  ,XX (24) =XX{24) -ATRIB (19)  ,XX (75) =XX (24) -XX (70)  , 1 ; 
ACTIVITY; 

C22  ASSIGN, XX (69) =XX (20) , XX ( 20 ) =XX (21 ) , XX ( 74 ) =XX (20 ) -XX (69) , 1; 

ACTIVITY; 

C22B  ASSIGN, XX(96) =XX(96) -ATRIB(19) ,1; 

ACTIVITY; 

C23  ASSIGN, XX (79) =XX (1) -XX (20) ,XX (80) =XX(1) -XX (24) ,XX (92) =XX (1) -XX (96) , 1 ; 

ACTIVITY; 

C24  TERMINATE; 

C12B  ASSIGN,XX(37)=XX(2)  ,1; 

ACTIVITY, , ,C13; 

C16  ASSIGN, XX (81) =1, ATRIB (15) =ATRIB (15) -XX (8) ,1; 

ACTIVITY, XX (8) ; 

C17  ASSIGN, XX(81) =0, 1; 

ACTIVITY, , ,C11; 

C7B  ASSIGN, XX (69) =XX (20) , XX ( 20 ) =XX (23 ) ,XX(74) =XX (20) -XX (69) , 1 ; 

ACTIVITY, , ,C8A; 

C4B  ASSIGN,XX(69)=XX(20) , XX (20 ) =XX (23 ) , XX ( 74) =XX (2 0 ) -XX(69) ,1; 

ACTIVITY, , ,C5; 

I 

GTATR  GOON,l; 

ACTIVITY; 

A1  ASSIGN, XX (51) =ARRAY (1 , XX (61) ) , XX (52) =ARRAY (1 , XX ( 62) ) , ATRIB (2) =UNFRM(XX( 

51) ,XX(52) ) ,1; 

ACTIVITY; 

A2  ASSIGN, XX (53) =ATRIB (2) -ATRIB (2) ‘ARRAY (5 , XX (61) ) /l 00, XX (54) =ATRIB (2) +ATRIB ( 
2)‘ARRAY(5,XX(62) )/lOO,ATRIB{3)=UNFRM{XX(53) ,XX(54) ) ,1; 

ACTIVITY; 

A3  ASSIGN, ATRIB (4) =ARRAY (31 , XX (61) ) , ATRIB (5) =ARRAY ( 3 1 , XX ( 62 ) ) , ATRIB (6) =ARRAY ( 
31, XX (63) ) , 1; 

ACTIVITY; 

A4  ASSIGN, XX (51) =ARRAY (4 , XX ( 61 ) ) , XX (52) =ARRAY {4,XX (62) ) ,XX (53) =ARRAY (4,XX ( 

63) ) , 1; 

ACTIVITY; 

A5  ASSIGN, ATRIB (11) =TRIAG (XX (51) ,XX(52) ,XX (53) ) , ATRIB (12) =ATRIB (9) +ATRIB (11) , 
1; 

ACTIVITY; 

A6  ASSIGN, XX (51) =ARRAY (3 ,XX (61) ) ,XX{52) =ARRAY (3,XX (62) ) ,XX (53) =ARRAY (3 ,XX ( 

63) ) ,1; 

ACTIVITY; 

A7  ASSIGN, ATRIB (13) =TRIAG (XX (51) ,XX{52) ,XX (53) ) , ATRIB (16) =ATRIB (12) +ATRIB ( 

13) , 1; 

ACTIVITY; 

A8  GOON,l; 

ACTIVITY, , ATRIB (1) .LE.3; 

ACTIVITY , , ATRIB ( 1 ) . GE . 4 , A14 ; 

A9  GOON,l; 

ACTIVITY, , ATRIB (4) ; 

ACTIVITY, , ATRIB (5) ,A10B; 

ACTIVITY, , ATRIB (6) ,A10C; 
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A1 OA  ASSIGN, ATRIB { 7 ) = ARRAY (30,1), ATRIB ( 8 ) =ATRIB { 7 ) * 1 0  0  +ATRIB { 7 ) / ATRIB { 2 )  , 1 ; 

ACTIVITY; 

All  G00N,1; 

ACTIVITY, ,ARRAY(7,XX(61) ) ; 

ACTIVITY,  ,1-ARRAY(7,XX(61)  )  ,A12B,- 
A12A  ASSIGN,ATRIB(10)=0,1; 

ACTIVITY; 

A13  G00N,1; 

ACTIVITY, , ,PTMRC; 

A12B  ASSIGN, ATRIB (10) =ARRAY (G, XX (61) ) , 1; 

ACTIVITY, , ,A13; 

AlOB  ASSIGN, ATRIB (7) =ARRAY (30,2) , ATRIB (8) =ATRIB (7) *10 0+ATRIB ( 7 ) /ATRIB (2) , 1 ; 
ACTIVITY, , ,A11; 

AlOC  ASSIGN, ATRIB (7) =ARRAY (30,3) , ATRIB (8) =ATRIB (7) *100+ATRIB (7) /ATRIB (2) , 1 ; 

ACTIVITY, , ,A11; 

A14  GOON,l; 

ACTIVITY; 

A15  ASSIGN, ATRIB (7) =ARRAY (30,4) , ATRIB (8) =ATRIB (7) *10 0+ATRIB (7) /ATRIB (2) , ATRIB ( 
10)=ARRAY(G,XX(61) ) ,1; 

ACTIVITY; 

AIG  GOON,l; 

ACTIVITY, , ATRIB (1) .EQ.4,PTWW; 

ACTIVITY, , ATRIB (1) .EQ.5,PTCW; 

I 

BIA  DETECT, XX(1)  ,XN,XX(3)  ,  .00001,1; 

ACTIVITY; 

B2  AWAIT ( 1 ) , BUILDUP , BLOCK, 1 ; 

ACTIVITY, ,XX(20) .GT.XX(l) .OR.XX(24) .GT.XX(l) ; 

ACTIVITY, ,XX(20) .LE.XX(l) .AND.XX(24) .LE.XX(l) ,B12; 

B3  CLOSE , BUILDUP , 1 ; 

ACTIVITY; 

B4  ASSIGN, XX (7) =XX(7) +XX(5) *TNOW-XX(5) *XX(6) ,XX(G) =TNOW,XX(76) =XX ( 7) +XX (13 ) + 
XX(19) ,1; 

ACTIVITY, XX (8) ; 

B5  ASSIGN, XX (11) =XX (10) *XX (8) ,XX (1) =XX(1) +XX (11) ,XX (2) =XX (2) +XX (11) , 1; 

ACTIVITY; 

B6  GOON,l; 

ACTIVITY,  ,XX(1)  .GE.XX(43)  .AND.XX(l)  .LT.XX(45)  ; 

ACTIVITY, ,XX(1) .LT.XX(43) ,B7A; 

ACTIVITY, ,XX(1) .GE.XX(47) ,B7D; 

ACTIVITY, ,XX(1) .GE.XX(45) .AND.XX(l) .LT.XX(47) ,B7C; 

B7B  ASSIGN, XX (55) =XX (43) ,XX (56) =XX(45) ,XX(57) =XX (44) ,XX (58) =XX (46) , 1 ; 

ACTIVITY; 

B8  ASSIGN, XX(71) =XX(1) -XX(55) , XX (72 ) =XX (56 ) -XX(55) , XX ( 73 ) =XX (5 8 ) -XX(57) ,1; 
ACTIVITY; 

B9  ASSIGN, XX (4) =XX (5) , XX (5 ) =XX (57 ) +XX (71 ) /XX ( 72) *XX ( 73 ) , XX ( 13 ) =XX ( 13 ) +XX (5 ) * 
XX (8) *XX(12) /100-XX(4) *XX(8) *XX(12) /100,1; 

ACTIVITY; 

B9B  ASSIGN, XX (14) =XX(5) *XX (12) /lOO-XX (4) *XX (12) /l 0 0 , XX (59 ) =XX ( 5 ) +XX(14) ,1; 
ACTIVITY; 

BIO  ASSIGN, XX (79) =XX (1) -XX (20) , XX (80) =XX(1) -XX (24) ,XX (92) =XX (1) -XX (96) , 1 ; 
ACTIVITY, ,XX(1) .LT.XX(20) .OR.XX(l) .LT.XX(24) ; 

ACTIVITY, ,XX(1) .GE.XX(20) .AND.XX(l) .GE.XX(24) ,B13; 

Bll  GOON,l; 

ACTIVITY , 0 . 0  0  0  0  0 1 ,  , B4 ; 

B13  GOON,l; 

ACTIVITY, ,XX(1) .LT.XX(3) ,B11; 
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ACTIVITY, ,XX(1) .GE.XX(3) ; 

B14  OPEN, BUILDUP, 1; 

ACTIVITY; 

B15  TERMINATE; 

B7A  ASSIGN, XX (55) =XX(41) , XX ( 56 ) =XX (43 ) , XX (57 ) =XX (42 ) , XX ( 58 ) =XX (44 ) , 1 ; 
ACTIVITY, , ,B8; 

B7D  ASSIGN, XX (55) =XX (47) , XX (5 6 ) =XX (49 ) , XX (57) =XX (4 8 ) , XX (58 ) =XX ( 50 ) , 1 ; 
ACTIVITY, , ,B8; 

B7C  ASSIGN,XX(55)=XX(45) , XX (56) =XX (47) , XX (57 ) =XX (46 ) , XX (58 ) =XX (4 8 ) , 1 ; 

ACTIVITY, , ,B8; 

B12  GOON,l; 

ACTIVITY,  ,XX(1)  .LT.XX(3)  ,B3,- 
ACTIVITY, ,XX(1) .GE.XX(3) ,TERM; 

/ 

BIB  DETECT, XX(20) ,XP,XX(1) ,0,1; 

ACTIVITY, , ,B2; 

/ 

INIT  CREATE, ,, ,1,1; 

ACTIVITY; 

11  ASSIGN, XX (88) =ARRAY (2,10) , XX ( 8 9 ) =ARRAY (2,10) +XX (83) /ARRAY (10,10) -ARRAY  (2 
10) /ARRAY(10,10) ,XX(67)=UNFRM(XX{88) ,XX(89) ) ,1; 

ACTIVITY ; 

12  ASSIGN,  XX  (90)  =PRRAY  (2,13)  ,  XX  { 9 1 )  =ARRAY  (2 , 13  )  +XX  (  83  )  /ARRAY  (10,13)  -ARRAY  (2 
13)/ARRAY(10,13) , XX ( 68 ) =UNFRM (XX (90) ,XX(91) ) ,1; 

ACTIVITY; 

13  ASSIGN, XX (1) =XX (3) +0 .000001, XX (2) =XX (3) +0.000001, XX (26) =XX(33) /lOO, 1; 
ACTIVITY; 

14  GOON,l; 

ACTIVITY, ,XX(1) .GE.XX(43) .AND.XX(l) .LT.XX(45) ; 

ACTIVITY, ,XX(1) .LT.XX(43) ,I5A; 

ACTIVITY, ,XX(1) .GE.XX(47) ,I5D; 

ACTIVITY, ,XX(1) .GE.XX(45) .AND.XX(l) .LT.XX(47) ,I5C; 

I5B  ASSIGN, XX (55) =XX (43) , XX (56) =XX (45) , XX (57) =XX (44 ) , XX (58) =XX (46 ) , 1 ; 
ACTIVITY; 

16  ASSIGN, XX (71) =XX(1) -XX (55) ,XX(72) =XX(56) -XX (55) , XX ( 73 ) =XX ( 5 8 ) -XX (57) , 1; 
ACTIVITY; 

17  ASSIGN, XX (5) =XX(57) +XX ( 71 ) /XX (72 ) *XX(73)  ,  1; 

ACTIVITY; 

18  TERMINATE; 

ISA  ASSIGN, XX (55 )=XX (41)  , XX (56 ) =XX (43 )  , XX (57) =XX (42 )  ,  XX (58 ) =XX (44 )  ,1; 
ACTIVITY, , ,16; 

I5D  ASSIGN, XX (55) =XX(47)  , XX ( 56 ) =XX (49 )  , XX (57 ) =XX (4 8 )  ,XX(58) =XX(50)  , 1; 
ACTIVITY, , , 16; 

ISC  ASSIGN, XX(55) =XX(45) , XX (5 6 ) =XX (47) , XX (57) =XX (46 ) , XX (58 ) =XX (4 8 ) ,1; 
ACTIVITY, , , 16; 

BIC  DETECT, XX(1) ,XN,XX(20) ,0,1; 

ACTIVITY, , ,B2; 

I 

BID  DETECT,XX(24) ,XP,XX(1) ,0,1; 

ACTIVITY, , ,B2; 

LOSE  GOON,l; 

ACTIVITY; 

LI  ASSIGN,XX(25) =XX(25) +ATRIB (7) ,1; 

ACTIVITY, ,ATRIB(1) .LE.3,ENDM; 

ACTIVITY, ,ATRIB(1) .EQ.4,ENDW; 
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BIE  DETECT,XX(1) ,XN,XX{24) ,0,1; 

ACTIVITY, , ,B2; 

/ 

TERM  TERMINATE  ; 

NTFl  DETECT, XX (79) , XN, -0 . 000001 , 0 , 1 ; 

ACTIVITY; 

NTF2  ASSIGN, XX{84) =1,XX(34) =TNOW,l; 

ACTIVITY; 

NTF3  TERMINATE; 

CXMRC  GOON,l; 

ACTIVITY; 

CXMl  ALTER,MRC,-1,1; 

ACTIVITY; 

CXM2  ASSIGN,  XX  (2)  =XX  (2)  +ATRIB  (14)  ,XX{28)  =XX  (28)  -ATRIB  (14)  ,XX  (3  0)  =XX  (28)  +XX  (29)  , 
1; 

ACTIVITY; 

CXM3  TERMINATE ; 

PTFl  DETECT, XX (79) ,XP, -0.000001, 0,1; 

ACTIVITY; 

PTF2  ASSIGN, XX(84)=0,XX(35)=XX(35)+TNOW-XX(34) ,1; 

ACTIVITY; 

PTF3  TERMINATE ; 

/ 

DIA  DETECT, XX (74) ,XN, -0.000001, 0,1; 

ACTIVITY; 

D2  AWAIT ( 5 / 1 ) , DEMOB , BLOCK , 1 ; 

ACTIVITY; 

D3  CLOSE , DEMOB , 1 ; 

ACTIVITY, ,XX(20) .LT.XX(l) .AND.XX{24) .LT.XX(l) ; 

ACTIVITY, ,XX(20) .GE.XX(l) .OR. XX (24) .GE.XX(l) ,D12; 

D4  ASSIGN, XX (60) =XX(1) -XX (16) *XX{8) , 1; 

ACTIVITY, ,XX(60) .GE.XX(20) .AND.XX(60) .GE.XX(24) ; 

ACTIVITY, ,XX(60) .LT.XX(20) .OR.XX(60) .LT.XX(24) ,D12; 

D5  GOON,l; 

■  ACTIVITY, ,XX(60) .GT.XX(3) ; 

ACTIVITY, ,XX(60) .LE.XX(3) ,D12; 

D6  ASSIGN,  XX  (7)  =XX  (7)  +XX  (5)  *TNOW-XX  (5)  *XX  (6)  ,XX  (6)  =TNOW,XX  (76)  =XX  (7)  +XX  (13)  + 
XX (19) ,1; 

ACTIVITY, XX (8) ; 

D7  ASSIGN, XX (17) =XX (16) *XX(8) ,XX(1) =XX{1) -XX (17) ,XX(2) =XX (2) -XX (17) , 1; 

ACTIVITY; 

D8  GOON,l; 

ACTIVITY, ,XX(1) .GE.XX(43) .AND. XX (1) .LT.XX(45) ; 

ACTIVITY, ,XX(1) .LT.XX(43) ,D9A; 

ACTIVITY, ,XX(1) .GE.XX(47) ,D9D; 

ACTIVITY, ,XX(1) .GE.XX(45) .AND.XX(l) .LT.XX(47) ,D9C; 

D9B  ASSIGN,  XX  (55)  =XX  (43)  ,XX  (56)  =XX  (45)  ,XX  (57)  =XX  (44)  ,XX  (58)  =XX  (46)  ,  1  ,• 
ACTIVITY,• 

DIO  ASSIGN, XX (71) =XX(1) -XX (55) , XX (72) =XX (56 ) -XX (55) , XX ( 73 ) =XX ( 58 ) -XX (57) ,1; 
ACTIVITY; 

Dll  ASSIGN, XX (4) =XX (5) , XX (5 ) =XX (57) +XX ( 71) /XX (72) *XX ( 73 ) , XX ( 19 ) =XX ( 19 ) +XX (4 ) * 
XX (8) *XX(18) /100-XX(5) *XX(8) *XX(18) /100,1; 

ACTIVITY; 
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DllB 


ASSIGN, XX (27) =XX{4) *XX(18) /100-XX{5) *XX(18) /100,XX(59) =XX (5) +XX(27) , 1 ; 
ACTIVITY; 

DllC  ASSIGN, XX (79) =XX(1) -XX (20) ,XX(80) =XX(1) -XX (24) , XX (92 ) =XX ( I) -XX (96) ,1; 
ACTIVITY, , ,D4; 

D9A  ASSIGN, XX (55) =XX (41) , XX (56 ) =XX (43 ) , XX (57 ) =XX (42 ) , XX (58 ) =XX (44 ) , I ; 

ACTIVITY, , ,D10; 

D9D  ASSIGN, XX(55)=XX(47) , XX (56 ) =XX (49 ) , XX (57) =XX (48 ) , XX (58 ) =XX ( 50 ) , 1 ; 

ACTIVITY, , ,DI0; 

D9C  ASSIGN,XX(55) =XX(45) , XX (56) =XX (47) , XX (57 ) =XX (46 ) , XX (58 ) =XX (48 ) , 1 ; 
ACTIVITY, , ,D10; 

DI2  ASSIGN, XX(74)=1, XX(75)=I, I; 

ACTIVITY; 

DI3  OPEN,DEMOB, 1; 

ACTIVITY, , ,TERM; 

/ 

END  CREATE,XX(83),,,,1; 

ACTIVITY , , TNOW . EQ . 0 , TERM; 

ACTIVITY , , TNOW . GT . 0 ; 

ENDI  ASSIGN, XX (7) =XX(7) +XX(5) *TNOW-XX(5) *XX(6) ,XX(76) =XX (7) +XX (13) +XX (19) ,2 
ACTIVITY, ,XX(93) .EQ.l; 

ACTIVITY, ,XX(85) .EQ.1,PCF2; 

ACTIVITY, , XX (84) .EQ.1,PTF2; 

ACTIVITY, , ,TERM; 

PAF2  ASSIGN,XX(93) =0,XX(95) =XX (95) +TNOW-XX (94) ,1; 

ACTIVITY; 

PAF3  TERMINATE; 

PCF2  ASSIGN, XX (85) =0,XX(39) =XX (39) +TNOW-XX (38) , 1; 

ACTIVITY; 

PCF3  TERMINATE ; 

/ 

NCFl  DETECT, XX (80) , XN, -0.000001, 0,1; 

ACTIVITY; 

NCF2  ASSIGN,XX(85) =1,XX(38) =TNOW,l; 

ACTIVITY; 

NCF3  TERMINATE ; 

DIB  DETECT, XX (75) , XN, -0 . 000001 , 0 , 1 ; 

ACTIVITY, , ,D2; 

r 

CXCW  GOON,l; 

ACTIVITY, ,TNOW.GT.ATRIB (12) ,TRCW; 

ACTIVITY, ,TNOW.LT.ATRIB (12) ; 

ACTIVITY, ,TNOW.EQ.ATRIB (12) , CXC3 ; 

CXCl  ASSIGN, XX (23) =0,XX (79) =XX(1) -XX (20) ,XX(80) =XX(1) -XX (24) , 1; 

ACTIVITY; 

CXC2  ASSIGN, XX (92) =XX(1) -XX(96) ,1; 

ACTIVITY ; 

CXC4  TERMINATE ; 

CXC3  FREE,CW,1; 

ACTIVITY, , ,CXC1; 

PCFl  DETECT, XX(80) ,XP, -0.000001,0,1; 

ACTIVITY, , ,PCF2; 

NAFl  DETECT, XX (92) , XN, - 0 . 0000 0 1 , 0 , 1 ; 

ACTIVITY; 

NAF2  ASSIGN,XX(93) =1,XX(94) =TNOW,l; 
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ACTIVITY; 

NAF3  TERMINATE; 

/ 

PAFI  DETECT, XX (92) ,XP, -0.000001, 0,1 
ACTIVITY, , ,PAF2; 

END; 


Appendix  B:  Output  Data 


The  following  pages  contain  the  data  from  the  simulation  runs  of  each  alternative. 
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o 
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in 
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I 

o 
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I 
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CO 
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CO 
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5267.83 

CO 

CM 

Oi 

CD 

0) 

CM 

in 

5284.32 

5267.66 

5260.54 

5320.09 

4926.98 
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Table  B-15 
Alternative  15  Results 


in 
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29.8 

21.4 
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40.3 
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CO 

d 
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in 

00 

05 

CO 

CO 

05 

cd 

in 

CO 

d 

CO 

CO 

CM 

CM 

CD 

O 

q 

in 

CO 

q 

00 

CM 

d 

in 

o 

CO 

cd 

CM 

05 

*r“ 

cd 

CO 

CO 

M- 

in 

CD 

CO 

0C5 

in 

05 

cd 

CO 

00 

T— 

d 

00 

CM 

d 

21.1 
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CO 
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CO 

CM 
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T“ 

CO 
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'q 
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d 
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i^ 

CD 

CM 

05 
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CO 
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CM 

CD 
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in 

q 
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~o 
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o 

d 

in 
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o 

d 

o 
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d 
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o 
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o 
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o 

d 
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d 
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d 

O 

o 

d 

o' 

7m 

o 

d 

CO 

o 

d 

o 

in 
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d 
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o 

d 
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o 
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d 
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00 
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tn 

00 
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CO 
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d 
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d 

CO 

in 

CM 

d 
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o 
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d 
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L 
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o 

CM 

o 
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o 

oo 
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o 

o 

CM 
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OO 
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05 
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00 
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CM 

CM 
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in 
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CO 
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Co 
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h- 
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in 
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q 
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Table  B-16 
Alternative  16  Results 
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